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Steel plant at the works of Esch (Acieries Reunies de Burbach-Eich, Dudelange), 


EMBERS of the Iron and Steel Institute who took 
M advantage of the kind invitation of the iron and 

steel manufacturers of Belgium and Luxembourg, 
and attended the recent Autumn meeting, will long 
remember the cordiality of their reception. Apart from 
the technical sessions, at which papers were presented 
covering various fields of investigation and which are 
briefly referred to elsewhere in this issue, the visits paid to 
some of the chief iron and steel manufacturing plants in 
these countries provided facilities of an interesting and 
informative character that cannot fail to have a lasting 
effect upon those members who formed the various parties. 
So much progress has been made during recent years in 
the organisation and equipment of British iron and steel 
works that it is as well to realise developments are also 
in progress in other countries, and the Council of the Iron 
and Steel Institute are to be congratulated on the arrange- 
ments which enabled members to become enlightened 
regarding, at least, some of these developments. In order 
that the information obtained may have a wider value, 
brief reference is made in this article to some of the chief 
works visited. 


Forges de Clabecq. . 


Situated in the Province of Brabant, 20 km. to the south 
of Brussels, are the Forges de Clabeeq, which have records 
dating back to 1752. In 1830 the work of Clabecq, com- 
prised a furnace power hammer and a small sheet-rolling 
mill. In 1242 the works became the property of the Goffin 
family, which is still represented to-day by Monsieur Josse 
Goffin, who is chairman of the company. From this time 
the facilities of the works were re-mcdelled, a large foundry 
was built, and in 1850 the first rolling-mill for iron was 


installed. In 1857 was built the first big sheet mill, and in 
1858 the railway was extended to the station of Tubize. 
By the close of 1861 the Forges de Clabecq showed con- 
siderable growth. Houses were built for the workpeople, 
machinery was renewed, and the production from the 
rolling mills increased. A plate mill was erected in 1882, 
which at that time was the most complete and _ best 
equipped in Belgium. In 1909 a very comprehensive 
development scheme was begun which transformed the 
works, new plant was installed, and on completion the 
new works comprised two blast-furnaces, a mixer, a 
Thomas Bessemer steel plant, a blooming mill, two finishing 
rolls, gas engines and an electric power station. 

When, in 1914, Belgium was invaded, the workers of 
Clabecq were particularly tried, and on the conclusion of 
hostilities necessary work of reconstruction was pushed 
forward, and since the beginning of 1920 the production 
has been fully resumed. In spite of the enormous cost 
involved in reorganising and re-equipping these works, 
the capital of the company was not increased, To-day 
these works are thoroughly modern and well equipped ; 
they have four blast-furnaces installed, which together 
produce 1,000 tons per 24 hours. Steel is produced in four 
Thomas converters, each of 18 tons capacity, producing 
1,000 tons per 24 hours. Two batteries of coke-ovens are 
installed, comprising 76 ovens with recuperators and 
equipped for the treatment of by-products—tar, benzol, 
sulphate of ammonia, The ovens are built on the Semet- 
Solway system, in which the heating flues are arranged 
horizontally. The rolling mills include an electric blooming 
mill, two-high and reversible ; a complete installation of 
sheet mills, able to roll from three to 40 mm. thick; a 
train of 450 mm., and a train of 300 mm. In addition to a 
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foundry and ancillary werkshcps, a power station is 
equipped for generating 25,000 k.w., which supplies the 
electricity necessary for the entire works. 

S. A. Les Cokeries du Brabant. 

Not less interesting were the S.A. Les Cokeries du 
Brabant, which were founded in 1927 for the purpose of 
taking over the supply of gas to a large section of Brussels 
and neighbourhood, and the whole of the Antwerp area, 
at that time served by several gasworks. This new coke- 
oven plant is situated at Pont-Briilé on a site bordering the 
canal, covering an area of 65 acres, of which, at the moment, 
40 acres are actually occupied by the works installations. 

Its exceptional position between the Canal Maritime 
Bruxelles-Escaut and a main railway line provides good 
transport connections with England, Germany and 
Belgium itself. The works can thus obtain its raw material, 
namely, coking coals, under the very best conditions of 
transport. Likewise, by reason of this geographical 
position, coke for the interior and particularly overseas is 
provided with direct and economical despatch. 

Constructed in 1929-30, the Pont-Briilé Works employ 
the most recent processes, and are equipped with a modern 
highly-efficient plant. The unloading installations, for 
instance, are arranged to receive coal by rail as well as by 
water. The quay is accessible to boats drawing 19 ft. 
A system of two main belt conveyors and three travelling 
overhead bridge conveyors provides a connection between 
the discharging quay (480 ft. in length), which is equipped 
with four travelling cranes of a total capacity of 360 tons 
per hour, and the coal park of 40,000 to 50,000 tons 
capacity. 

After blending, mixing and crushing in Carr-type dis- 
integrators, the coal mixture constituting the charge is 
taken by the bucket conveyer to the storage bunkers 
situated at the ends of the batteries. Two electric coal- 
charging lorries, each fed from one of the main bunkers, 
carry the charges to the ovens, after weighing. Four 
openings are provided in the top of each oven for loading. 
Levelling bars mounted on powerful pushing machines 
ensure an even, regular distribution of the charge. The 
batteries are composed of 114 large-capacity ovens, 60 
being of the Otto system, and 54 of the Collin, the doors of 
each oven being of the Wolff type, fitted with metal-to- 
metal joints. 

Oven Heating : The Otto system provides single accessible 
burners for this purpose, using mixed gas as fuel (coal gas 
plus producer gas). The Collin battery is equipped with a 
special system of fuel supply and heat recovery, so that 
either coal gas, producer gas, or a mixture of the two can 
be burnt. This battery can therefore be heated under 
specially economical conditions, and since it is possible to 
vary considerably, by the choice of fuel, the quantities of 
rich gas available, the works is particularly flexible as a 
source of gas for public supply. 

Coke and Handling : Coke is discharged from the ovens 
by the most modern type of machine, one reserve ram being 
available for each battery. The coke falls into electric 
coke cars, and is then taken to the quenching tower ; 
sprinkling is automaticaily regulated to maintain the 
moisture content of the quenched coke at the lowest 
possible figure consistent with proper quenching. These 
ears deliver coke to wharves {rcm whence, by a system 
of gates, it is fed to belt conveyers, and is taken first to the 
grizzlies, where the large coke is removed, and thence to the 
small coke screens. 

High-capacity machines (cranes, bridge conveyors, grabs, 
belts, etc.) enable coke to be reclaimed and either loaded 
into wagons or into boats at an average rate approaching 
100 tons per hour. Two special machines capable of attain- 
ing a loading rate of 145 tons per hour are erected on the 
coke despatch quay, one for deck loading, the other for 
delivering into holds. By this means coke is loaded with 
the minimum of breakage (heavy falls are avoided), and 
the work of trimming is considerably eased, resulting in 


extremely economical working. pe 
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Recovery of By-products : Tar deposited during the pas- 
sage of gas through large-capacity washers is sent to storage 
tanks on the canal! side, which can be rapidly emptied into 
tank barges. Ammoniacal liquor treated in two model 
sulphate works is converted into sulphate of the very 
highest quality. The oil washing process is employed for 
benzole recovery. The light oils obtained are treated by 
the most recent methods, making it possible for the cokeries 
to produce a wide series of benzole products of excellent 
quality. 

Gas: After washing for ammonia and benzole, the gas 
is purified in large capacity boxes containing several tiers 
of iron oxide. Certain impurities thus removed are later 
recovered by a suitable treatment of the spent oxide. 
The gas is subsequently reduced in calorific power by the 
addition of a small quantity of producer gas to the value 
of 475 b.th.u. per cu. ft., as required by contract. 

The gas ready for town’s supply is stored in two dry 
gasholders of 1,750,000 cu. ft. and 700,000 cu. ft. capacity, 
respectively. A similar holder of 530,000 cu. ft. is reserved 
for the producer gas used in the heating of the batteries. 
The pressure at which gas is sent out is varied according 
to the distance over which it has to be transported ; three 
large-capacity compressors (two of 700,000 cu. ft., and one 
of 400,000 cu. ft. capacity per hour) are used for this 
purpose, and housed in a separate building where the gas 
is also metered. The production capacity of gas for public 
supply at Pont-Briilé is 21,200,000 cu. ft. per day. 

Auxiliary Services: The works are equipped with a 
principal boiler-house producing steam at 214 |b. sq. in., 
and 375° C.; in addition, waste heat boilers at the outlets 
of the producers provide considerable quantities of steam 
at 113 1b. sq. in., and the producer water jackets yield 
further steam at 17 lb. sq. in. The greater part of the 
high-pressure steam is expanded in back-pressure turbo- 
alternators generating from 450 to 500k.w.; the back- 
pressure steam at 15 lb. sq. in. thus obtained is entirely 
used for process work. The power house is equipped with 
two 500-k.w. Stahl back-pressure turbo sets. inter- 
connection with the Interbrabant and the Société d’Entre- 
prises Chimiques et Electriques guarantees uninterrupted 
service. The total works load falls a little short of 1,500 k.w. 
Pumping installations, workships, etc., are designed on a 
generous scale with ample reserve allowance at times of 
maximum output, thus ensuring unbroken operation. 

Some idea of the extent of the operations of the Cokeries 
du Brabants may be obtained from the annual production, 
which is as follows :—8,800 million cu. ft. of gas ; 600,000 
tons of coke 22.000 tons of tar ; 6,000 tons of crude 
benzole ; and 7,000 tons of sulphate of ammonia. The 
supplies required for this production include 760,000 tons 
of coal ; 200 tons of soda; 7,000 tons of sulphuric acid ; 
and 2,000 tons of purifying material. 


Forges de la Providence. 


The Societe des Forges de la Providence was established 
in 1838, and has three works. One of them is at Hautmont 
in Northern France, another is at Réhon, and the third 
at Marchienne-au-Pont ; the latter works being visited by 
members of the Iron and Steel Institute. It has five blast- 
furnaces, a Thomas steel plant, rolling mills for rails, 
girders, etc., and has altogether a very diverse production. 
The three works mentioned above produce together 
more than 1,000,000 tons per year. The coke-oven plant 
at Marchienne-au-Pont, produces approximately the whole 
of the coke which is consumed by the blast-furnaces. 

The plant cokes normally 50,000 to 52,000 tons of coal 
per month, the coke ovens being of three different types— 
Coppé, Lecock, and Koppers. ‘The first two batteries that 
were installed are now rather old, but the battery of Kopper 
coke ovens is of recent construction, and thoroughly 
modern. In addition to the coke oven plant proper, which 
comprises 50 ovens of a capacity of 16 tons of coal each, 
there is the plant for the mechanical preparation of the 
coal, that for the sifting or screening of the coke, the 
installations of tar recuperators, and of equipment for 
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producing ammonia and benzol, and also 
plant for the refinement of the crude 
benzol. 

The five blast furnaces at these works 
have a monthly production of from 40,000 
to 50,000 tons of pig iron. The melt is 
run into ladles, and transported on rails 
to the mixers. These mixers are two in 


number, one having a capacity of 1,000 
tons, which is normally in service, and the 
other 300 tons, which is a reserve mixer. 


The i 
OAR ANS4 AA 


Both are heated by coke-oven gas. 
molten iron is transported from the mixer 
to the converters by means of a trans- 
porter crane. Four basic lined converters 
each of a capacity of 25 tons constitute 
the equipment in the Thomas steel plant. 
After conversion, the casting of the steel 
is effected by an overhead hydraulic and 
electric crane. The ingots cast, which are 
approximately 4,000 kilos in weight are 
removed by an electric stripper, and placed 
in soaking pits. 

The rolling-mill plant is of interest : 
this includes a reversible blooming mill 
with rolls 1,100 mm. in diameter. Hydran- 
lic shears cut the bloom into billets which 
pass to a large rolling mill of 900 mm. 
possessing four housings, two being used 
for rolling billets into lighter sections, and 
semi-finished work of a miscellaneous character, while the 
other two are used for rolling rails. The driving motor has 
a capacity of five to 10,000 h.p.; it is reversible, and is 
driven at a speed which is variable between 60 and 
150r.p.m. There are, in addition, four other trains of 
rolling mills in these works, including a 500-mm. mill, 
which produces the varied requirements of the steel market. 
This latter installation is somewhat old and out of date, 
but a 325-mm. mill installed is of recent construction. A 
finishing mill is a very interesting installation : it is equipped 
with seven stands, and is used for producing rounds and 
squares from 16 to 35 mm. plates from 32 to 100 mm. 
thick, and angle-iron from 35 to 50mm. The equipment 
includes a 250-mm. mill and a small rod mill, but both are 
very old. 

Societe Anonyme John Cockerill 

The works of the John Cockerill Company date back to 
1824, when Cockerill built at Seraing (Belgium) a blast- 
furnace fired by coke. Some years later railways were 
introduced into Belgium, and in 1835 Seraign supplied the 
first locomotive and the first rails manufactured on the 
European continent. After Cockerill’s death in 1840, the 
works were closed, but were restarted in 1842 by a limited 
company. Since then, and up till the outbreak of the 
recent war, the progress of these works had been continuous 
and uninterrupted. The manufacture of steel by the 
Bessemer process was inaugurated on the continent at these 
works in 1863, while the rational use of blast-furnace gas 
as a direct source of motive power is claimed to have had 
its inception at these works. In 1895, for instance. the 
Société Cockerill made trials of a small 8-h.p. engine which 
was the first to run with blast-furnace gas. Successive 
improvements and developments have enabied units of 
10,000 h.p. to be employed in current practice. 

During the great convulsion of 1914 the shops and fac- 
tories of the Cockerill works were systematically destroyed ; 
thousands of machines, the greater part of the locomotives, 
wagons, cranes, electric motors, all the most important 
plants including five blast-furnaces, nine rolling mills, etc., 
were either carried off or destroyed in situ. Some idea of 
the damage thus caused will be appreciated from the fact 
that more than 200,000,000 francs was subsequently 
devoted to reconstruction. 

The works at Seraing cover an area of 363 acres, and are 
modern. The installations include coke-manufacturing 
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of the plant at Societe Anonyme les Cokeries du Brabant. 


plant, which comprises five batteries of Semet-Solway 
ovens, with heat regenerators and recovery of by-products. 
There are 150 ovens, which can be heated either by blast- 
furnace or by coke-oven gas, supplying 1,300 tons of coke 
per 24 hours. There are seven blast furnaces with a total 
output of 1,500 tons of pig iron per 24 hours. Steel is made 
in five basic-lined converters, each of 15 tons capacity, 
giving 1,400 tons of steel per 24 hours; four Siemens- 
Martin furnaces varying from 15 to 25 tons capacity ; and 
two electric furnaces with capacities of five and 12 tons 
respectively. 

The blooming mill of the Société Cockerili’s own make, 
after the pattern of American plants of the most modern 
type, with its hydraulic manipulator of unusual power, 
presents a most imposing mass. It is driven by a 5,000-h.p. 
reversible electric motor, capable of a maximum power of 
16-500 h.p. Next to the blooming mill is situated a 
900-mm. two-high reversing mill for the manufacture of 
semi-finished products and sections up to 600-mm. girders, 
also a 600-mm. mill and two merchant bar mills with rolls 
350 mm. and 250mm. in diameter. The Cockerill Steel- 
works are, moreover, provided with a 300 mm. mill, for the 
rolling of special steels, an important workshop for the 
manufacture of railway-carriage springs, a group of three 
steam hammers and a rolling mill for making tyres, a com- 
plete plate-mill comprising a universal mill for rolling 
sheet billets from 180 mm. to 750 mm. in width, a two-high 
and a three-high mill for the manufacture of smooth and 
chequered plates from 3 mm. thickness upwards. 

A powerful forging plant is installed which is capable of 
dealing with ingots up to 80 tons in weight for making 
large forgings, such as gun-tubes, shafts for marine engines, 
armour plates, shafts and cranks for gas engines, rolls for 
rolling mills, etc. The main forge is fitted with two forging 
presses, one 2,000-ton hydraulic and one 2,500-ton combined 
steam and hydraulic power ; three steam hammers of two, 
five and 10-ton capacity, respectively, and a battery of 
small compressed-air hammers. 

The engine-shops are remarkable by the great diversity 
of their productions. They are fitted up for the completion 
of machines of all kinds and all powers; steam engines, 
winding engines, air-compressors, mining pumps, tubbings 
for mines, turbines, marine engines, gas engines using blast- 
furnace or coke-oven gas, rolling mills and blast-furnace 
plant, fixed and travelling cranes, overhead and otherwise. 

The works are supplied with electric current from three 
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different central stations, all driven by gas motors of the 
Cockerill type. The three central stations of a collective 
power of 28,L00 kilowatts, supply annually to the different 
sections of the works, 120,000,000 kilowatt-hours. 


Acieries Reunies de Burbach-Eich-Dudelange. 
Amongst the works visited in Luxembourg, not the 


least interesting were those of the Societe Anonyme of 


the Acieries Reunies de Burbach-Eich-Dudelange, by 
abreviation, “‘ A.R.B.E.D.,” which was formed in 1911 
by the amalgamation of the Forges D’Eich (Le Gallais-Metz 
and Co.) at Eich; the Societe Anonyme des Mines du 
Luxembourg and Forges de Sarrebruck, at Burbach ; and 
the Societe Anonyme des Hauts Forneaux et Forges de 
Dudelange, at Dudelange. The latter company absorbing 
the other two; the central general management offices 
being established at Luxembourg. The considerable and 
rapid development of this company is shown by the follow- 
ing chronological statement :—-In 1912 the Hostenbach 
Works in the Saar territory were acquired. In 1913 an 
amaigamation was concluded with the Eschweiler Berg- 
werks-Verein. The management was entrusted to 
A.R.B.E.D., thus ensuring a source of supply for its blast- 
furnace coke requirements. Besides coal mines and coke 
ovens, this company also possesses an iron and steel works. 
In the same year, new blast-furnaces, a steel works and a 
rolling mill were laid down at Esch. In 1917 the Stein-und 
Thonindustriegesellschaft Brohlthal at Burgbrohl, near 





Gencral view of the works of Belval (Scciete Metallurgique des Terres Rouze.). 


Coblenz, was purchased, supplying the company’s need 
for refractory materials. In 1919 the company participated 
in the Societe Metallurgique des Terres Rouges, formed for 
the purchase of the properties owned by the Gelsenkirchen 
properties in Lorraine. In 1920, with Terres Rouges, it 
acquired considerable interest in the Company of Felten 
and Guilleaume Carlswerk A.G., Cologne-Mulheim, one 
of the most important cable factories in the world. The- 
company also consolidated its coal supply basis by purchas- 
ing an important participation in coal mines of Belchteren 
and Zelder in the Belgian Limbourg. The same year saw 
the creation of the Comptoir Metallurgique Luzembourgeois 
“ Columeta ”’ entrusted with the sales monopoly of the 
total production of the Arbed and Terres Rouges Companies. 

In 1921 Arbed and Terres Rouges acquired a considerable 
interest in the Argentine firm Sociedad Anonima Talleres 
Metalurgicos San Martin, at Buenos Aires; while, in 
conjunction with Belgian, French and Luxembourg 
groups, Arbed formed the “ Companhia Siderurgica Belgo- 
Mineira,” in Brazil. In 1922, Arbed acquired considerable 
interest in the ‘‘ Clouterie et Trefilerie des Flandres,” which 
transforms a great deal of the wire rods rolled by the Esch 
Works, and which controls the Etablissements Guilbert, the 
Clouterie Otlet, the Clouterie de Bissen, the Tréfilerie 
Gantoise and the S.A. Produrac. This participation was 


completed by an amalgamation of interests in 1925. 
Presently the A.R.B.E.D. owns 98% of the capital stock 
of the “‘ Clouterie et Trefilerie des Flandres.” 

In 1926 the interests of A.R.B.E.D. and the Societe 
Metallurgique des Terres Rouges were combined by an 
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exchange of shares.. Amongst other companies, A.R.B.E.D. 
has holdings in Societe d’Aubrives and Villerupt, at 
Aubrives (France), Ciments Luxembourgeois (Luxemburg), 
Anciens Etablissements Paul Wurth (Luxemburg), Societe 
de Transports et d’Affretements (Transaf) at Antwerp, 
Societe Anonyme d’Errouville, Mines de Bellevue, Safak, 
Ciments de Buda, Societe Belge Griffin, Laminoirs et 
Boulonneries du Ruau, Carrieres et Fours a chaux de 
Nismes-Dourbes, etc., etc. Measured by the importance 
of its steel production, A.R.B.E.D. at present ranks second 
in Europe to the German group, “ Vereinigte Stahlwerke.”’ 

The A.R.B.E.D.-Terres Rouges group is to-day an 
illustration of a combination which is both vertical and 
horizontal, an integral unit in which integration has not 
exceeded the limits of efficient metallurgical industry. 
The production centre of this group is situated in the town 
of Esch, where there are three works: two of these, 
A.R.B.E.D.-Esch and Terres Rouges Belval, are amongst 
the most modern works on the continent. The third is 
Esch-Terres Rouges. In pursuance of the policy of 
rationalisation adopted consequent upon the amalgamation 
of interests between A.R.B.E.D. and Terres Rouges, these 
three works have been inter-connected by a private railway, 
a system of blast-furnace gas-pipes and electric power 
cables. These works are also connected to the Audun-le- 
Tiche works belonging to the Terres Rouges Company, 
situated not far from Esch. The four works thus form, as 
it were, a huge works comprising 21 blast furnaces, steel 
works, rolling-mills, capable of producing and 
working down 160,000 tons of pig and 140,000 
tons of steel per month, under conditions of 
extraordinarily economical working. 

Dudelange Works.—These works comprise 
three large blast furnaces with a total capacity 
of 1,500 tons of pig iron per day ; a Thomas- 
Bessemer basic plant with four 23-ton convert- 
ers; a rolling plant with six mills for the 
production of joists, rails, hoops, etc. ; together 
with a sheet mill; a thin-sheet mill; a 
galvanising plant; a foundry; a constructional 
shop ; and a Thomas slag mill. Also an electric 
power station connecting the Esch and Dude- 
lange works, a big repair shop, as well as all 
the auxiliary departments of a modern plant. 

The blast furnaces are connected with the 
iron ore and coke stocks situated in proximity of 
the plant by a standard gauge rail track. The ore and coke 
stocks themselves are directly connected with the iron-ore 
mines of Dudelange and Volmerange by a narrow-gauge 
railway. The iron ore and the coke are charged by a double 
inclined hoist of American invention. The unloading of the 
coke and the ore is effected by a bascule rolling bridge of a 
capacity of 70 tons. The three blast furnaces are served by 
eight Cowper’s of 8,200 mm. internal diameter, and 34 mm. 
high, three blowing engines with a pressure of 1-5 atoms, 
two having a capacity of 4,670 h.p., and one of 3,900 h.p. 
The two old furnaces are served by nine small Cowpers. 

Two mixers of a capacity of 800 and 1,000 tons of iron, 
respectively, are placed between the blast furnaces and the 
steel works, which latter consists of four converters of 23 
tons capacity, and two tar-heated furnaces for remelting 
ferro-manganese. The Thomas slag is ground in a special 
plant capable of producing 10,000 tons monthly. 

The heavy mill is equipped with a blooming-mill possess- 
ing 1,000-mm. diameter rolls, driven by a 2,500-h.p. 
reversible double-tandem steam engine; a reversible 
850-mm. diameter duo mill, driven by a 4,800-h.p. triple- 
tandem steam engine ; a 650-mm. trio mill, driven by the 
same engine and served by a heating furnace using blast 
furnace gas with a capacity of 150 tons per eight-hour 
shift; a 650-mm. mill, driven by a 2,500-h.p. electric 
motor for rolling billets and sections. Finishing of rolled 
products is carried out in a special workshop equipped 
with the necessary roller and hand straightening machines, 
cutting machines, punching and boring machines for 
finishing the materials rolled. Sorting, stocking and 
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delivery of semi- and finished products is carried out in 
different shops served by cranes. 


Societe Metallurgique des Terres Rouges. 

The Societe Metallurgique des Terres Rouges owns in 
the Grand-Duchy 447 acres of mining concessions, the 
Belval Works (blast furnaces, steel works, rolling mills), 
and the Esch Works (blast furnaces). 

Terres Rouges Works, Belval_—The works comprise six 
blast furnaces with a total production capacity of 1,800 
tons of pig iron per day; one Thomas-Bessemer plant 
with six converters, each of 25 tons ; rolling plant, com- 
prising eight mills for the manufacture of rails, sleepers, 
sections, sheet pilings, etc.; one Thomas slag mill; one 
oxygen plant capable of producing 1,300 cu. m. of 
oxygen per day ; electric and blower plants; and repair 


shops. 
The Belval Works may be recorded amongst the 
most modern and powerful metallurgicai plants of 


Europe : they cover a total surface of about 500 acres. 
They are so planned to make future extensions 
relatively easy. The ore and coke bunkers, the Cowper 
stoves and the blast furnaces are disposed on three 
parallel lines; the Thomas steel plant is erected parallel 
to the axis of the blast furnaces, and to facilitate future 
extension of the steel plant in the direction of the existing 
buildings, the axis of the mixers is perpendicular to that 
of the converters. 

Esch-sur-Alzette Works.—These works were chiefly 
erected for the production of pig iron. They comprise five 
blast furnaces, with inclined automatic chargers and ore 
bunkers, with a daily output of 1,600 tons. The pig iron 
produced at this plant may be conveyed, while liquid, to 
both the Belval works and the Eich works. Moreover, the 
works are connected by a blast furnace gas pipe and by an 
electric cable to the three plants of Belval, A.R.B.E.D., 
Esch and Terres Rouges, Audun-le-Tiche. 


Societe des Hauts Fourneaux et Acieries de 
Differdange, St. Ingbert, Rumelange. 

This company of Differdange, briefly known as “ Hadir,” 
was formed in 1920 by several French, Belgium and 
Luxembourg gentlemen. It comprises, at the present time, 
mines and works situated in Luxembourg, France, and the 
Saar. It has a capital of 80,000,000 francs, and its head 
offices are situated in Luxembourg. It is claimed that the 
whole layout of the works is entirely modern. The company 
possesses, in Luxembourg and Lorraine, important con- 
cessions which give an annual production of about 
3,000,000 tons of ore. These comprise the Differdange 
Mines, situated in close proximity to the works, and the 
Mine of Rumelange et d’Ottange supply calcareous iron 
ore. The ore from the latter mines is transported to the 
works at Differdange by a funicular railway. 

There are in these works 10 blast furnaces in line. The 
charging installation is at the present time being altered, 
and when this is completed there will be, parallel to the 
line of furnaces, a series of coke and ore storage bins. The 
skips, after being weighed, are transported by vertical 
hoists and discharged automatically. The whole production 
system has been designed to eliminate manual labour as 
much as possible. 

Each of the 10 furnaces has a production capacity of 
220 tons per day. For some of the furnaces the Cowper 
stoves have been coupled in pairs, and function in pairs, 
one being for air and the other for gas. This method it is 
claimed, gives the best possible results. These blast 
furnaces are gradually being replaced by larger units, and 
one is in construction that is 27 metres in height, and the 
reconstruction of the other furnaces will be based on the 
experience and the data obtained by the working of this 
first new furnace. 

Mixers are located between the blast furnaces and the 
steel plants, the installation consisting of a large mixer 
with a capacity of 1,250 tons, which is heated by blast- 
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furnace gas, and also two reserve mixers, each of 250 tons 
capacity. The temperature in the large mixer is controlled 
at an approximate 1,350° C. 

Steel production is entirely by the Thomas process. 
There are basic converters, each of 20 tons capacity, and 
the total production is in the neighbourhood of 65,000 
tons of ingots per month. It may be said that the Differ- 
dange works are capable of producing steels of all kinds 
for rails, sections, etc. After removal, by hydraulic and 
electric strippers, the ingots are carried by a travelling 
crane to soaking pits. The latter installation consists of 





Blast furnace at the works of Dudelange (Acieries Reunico 
de Burbach-Eich-Dudelange). 


36 chambers in heat and 20 chambers heated with re- 
cuperation. All these are capable of receiving ingots of 
the largest dimensions to be rolled. The whole production 
system is such that ingots of various sizes are obtained and 
supplied as required of a standard quality and weight. 

At the end of the re-heating furnaces the ingots are 
transported to the rolling mills, where there is a Grey 
blooming-mill, a blooming-mill of 1,100 mm., and another 
of 1,150mm. These last mentioned two mills produce 
billets up to four tons for a production of plates and 
sections of a minimum of 100 by 100 mm. It may be well 
to describe at greater length the Grey mill, which is for 
the production of girders and beams with parallel faces 
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and different sections, these being the particular speciality 
of the Differdange works, and this installation is, perhaps, 
the most interesting because it is the most original. 

The ingots for the Grey mill are of various types, 
dependent upon the section to be rolled, and their weights 
vary from three to 15 tons. The ingots used for rolling 
small sections are of rectangular section. For superior 
classes of work the ingots are of a profile section, in order 
to facilitate the work and the division of the metal between 
the different parts of the beam. The ingots are first placed 
in the re-heating furnaces, where they are heated to a 
temperature convenient for rolling. They are then success- 
fully passed through three trains of rolls, a blooming train, 
a preparatory train, and a finishing train, all of which are 
reversible. All the operations are effected at the same 
heat. The speed of the rolls is sufficient to permit all the 
rolling to be done at the most suitable condition of tem- 
perature. The method adopted is important, because the 
section is obtained by the combination of normal pressure 
and of indirect pressure. It is such as to eliminate or 
rather prevent internal strains and stresses which are 
always a source of weakness. 

It is not possible to make reference to all the works 
which were included in the arrangements, nor is there 
space to deal adequately with those discussed, but readers 
will appreciate that in the majority of the visits the time 
allocated was all too short to enable a proper comparison. 
Many of the works are very comprehensive and cover 
a very large area, and under the circumstances it was only 
possible to inspect some of the sections, but an outstanding 
feature in the steel works is the enormous amount of steel 
produced in the converter. 


THE WORK OF WALTER ROSENHAIN* 


By Dr. J. L. Haveurton. 
B's in Victoria, Australia, in 1875, Walter Rosenhain 


graduated as a civil engineer at Melbourne University 

in 1897. After spending three years at Cambridge 
as 1851 exhibitioner he worked for some time at Messrs. 
Chance Bros., optical glass works, and in 1906 he became 
head of the metallurgy department of the International 
Physical Laboratory. These three subjects, engineering, 
optical glass, and metallurgy were always his chief interests 
in life, but the greatest of these was metallurgy. He wrote 
a text-book on glass manufacture while his “ Introduction 
to Physical Metallurgy ’’ has a much greater bias towards 
engineering than any other book on the subject. He was 
at one time or other President of the Optical Society, and 
of the Institute of Metals, and Vice-President of the 
International Association for testing materials in 1931. 
He would have been President at the meeting which it 
was proposed to hold in London this year had he lived, 

The first paper which he published in 1897, dealt with 
a method for determining the specific heat of a liquid, 
while the last one was read last year before the Institute 
of Metals and discussed ‘“‘Some Steps in Metallurgical 
Progress.” 

Rosenhain’s work was very comprehensive, and included 
many fields, but that part of his work of more direct 
interest to metallurgists can be divided into four headings. 
These must not be taken too rigidly, but may be broadly 
stated to deal with :-— 

(a) The production of new alloys and improvements 
of existing ones. ; 

(6) The study of the structure and constitution of 
alloys ; 

(c) Investigations into the effect of strain on metals 
and alloys ; 

(d) Design of apparatus and methods. 


Out of a total of 99 papers which he published, the 
number in the above classes are approximately 15, 25, 20, 


® Considerably abridged 
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and 14 respectively, the remainder being concerned with 
optical glass or miscellaneous other subjects. 

Opinions will naturally differ in ascertaining the relative 
importance of the various parts of a man’s work, but the 
author’s belief is that next perhaps to his insistance on high 
standard, the assistance he rendered to metallurgical 
workers by providing them with apparatus and methods 
was Rosenhain’s greatest accomplishment. 

In addition to his intense activity in many metallurgical 
fields, there are at least three other fields of his activities 
to which the author felt it necessary to make reference. 
The first is his work in connection with international 
co-operation in science. His high linguistic capacity helped, 
of course, greatly in this, and those who saw him in the 
chair at Section A of the International Association for 
testing materials, will realise what the Association as a 
whole will have lost in losing him as president for the 1935 
meeting. In addition, however, to the more obvious and 
public work of this kind he was continually in correspond. 
ence with foreign metailurgists acting as the apostle of 
British metallurgy abroad, and at the same time advocating 
the claims of Continental work in this country. 

In addition to his scientific work, Dr. Rosenhain’s 
non-scientific work at the National Physical Laboratory 
was remarkable. He came to the Laboratory when the 
Metallurgy Department was housed in the kitchen of 
Bushy House, and had a total scientific staff of four, and 
left it with a staff of about 70, housed in a large three- 
storey building and several subsidiary ones, and this 
increase was in a large measure due to Rosenhain’s energy 
and enthusiasm, and his capacity of communicating his 
enthusiasm to his staff. It must also be remembered that 
the building up of this department was carried out while 
the builder was hard at work in other directions. 


In conclusion Dr. Haughton said that it was impossible 
for him to deal adequately with the tremendous work of 
Dr. Rosenhain, or for him to say much about his charming 
personality, but while the man has gone his work remains 
as evidence of his distinguished career. 





Canadian Sulphur Developments. 


The pulp and paper industry is a good customer of the 
Canadian mineral industry, using each year several million 
dollars’ worth of mineral products, largely of Canadian 
origin. Soapstone, limestone, sandstone and salt cake, 
for instance, are all drawn from local sources; the coal 
comes mainly from mines in this country ; and Canadian 
sulphur is being used for sulphite pulp. 

In the August Bulletin of the Canadian Institute of 
Mining and Metallurgy, Mr. Horace Freeman, who is 
research chemist for one of the large paper companies, 
discusses the minerals used in the pulp and paper industry, 
and brings out some very interesting points. He notes, 
for instance, that there is an important deposit of china 
clay in Quebec, which may be drawn upon in place of 
imported china clay, large-scale trials with the Canadian 
mineral now being under way. Similarly, the former 
substantial imports of alum used in making paper have 
been much reduced by bringing in the raw material, 
bauxite, from British Guiana, and treating it here with 
Canadian-made acid. 

The most important mineral used in making pulp and 
paper is sulphur, and this is still almost entirely imported, 
though a native supply of ample proportions is now avail- 
able. For two and a half years the St. Lawrence mill at 
Three Rivers, has used exclusively Canadian sulphur, 
obtained as a by-product in the form of pyrite from the 
Eustis and other mines. This has been used at a substantial 
saving in cost compared with imported sulphur, though 
it has no tariff protection, and Mr. Freeman predicts that 
its use will be extended rapidly to other mills, effecting a 
substantial saving to themselves, as well as aiding the 
national economy by using a home product. 
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The New Atlantic Liner No. 534 

T is doubtful whether the British public has displayed 
I as much enthusiasm in any new vessel constructed 

since the Lusifania and Mauretania were built as is 
shown in the Atlantic Liner No. 534, which Her Majesty 
the Queen will name at Clydebank on September 26. Yet 
it is remarkable how well authentic information regarding 
the dimensions, horse-power, and speed of this vessel have 
been preserved. With the exception of very brief particulars, 
which have just recently become available, those responsible 
for the design and equipment of No. 534 have maintained 
complete silence. It is true that many unauthorised state- 
ments have been made ; for instance, it has been said that 
she will be about 73,000 tons gross, have engines developing 
about 200,000 h.p., and that she will develop a speed of 
30 knots per hour on service ; but these are merely guesses, 
and in the absence of official figures cannot be relied upon. 

Brief information has become available, which we have 
every reason to believe is authentic. It concerns the size 
of the vessel, which is stated to have an overall length of 
1,018 ft., a width of beam of 118 ft., a depth from keel to 
the highest point of superstructure of about 135 ft., and a 
total depth from keel to truck of 234 ft. It will be appre- 
ciated that these dimensions were decided upon as the 
result of protracted consideration of the requirements of 
weight and space to be allowed for the various items of 
hull structure, accommodation, and hote] services, pro- 
pelling machinery, fuel, water, stores, etc., in association 
with such power as would enable the Cunard-White Star 
Company to ensure the maintenance of a regular service 
with a definitely scheduled time-table between terminal 
ports. 

For the propulsion of the vessel an installation of 24 
water-tube boilers of the Yarrow type will supply steam at 
440 lb. pressure, and a temperature of about 700° F., to 
four sets of Parsons’ quadruple expansion single reduction 
geared turbines directly connected by lines of shafting to 
tour solid propellers. The boilers will be operated under 
“closed stokehold,’’ with the air for combustion passed to 
the boilers in preheated condition, and will be oil-fired 
on the Wallsend system. Each set of quadruple expansion 
geared turbines, with its condenser and usual auxiliaries, 
will operate as a complete independent unit. The auxiliaries 
required for the operation of the propelling machinery will 
be generally motor-driven, with the electrical power sup- 
plied by four turbo-generators, designed to work with 
main boiler steam. 

This information offers very little assistance in any 
attempt to make comparisons with existing or other 
vessels under construction, and it seems that the British 
public will have to wait until the launch takes. place when 
some, at least, of the speculations and doubts will be set 
at rest. On the other hand, it is of interest to note that the 
managers of the French liner Normandie, which is now 
being completed for sea at St. Nazaire, have made a specific 
statement on this liner’s size. Over 18 months ago they 
announced that the approximate gross register would be 
about 75,000 to 76,000 tons. The ship has now taken 
final shape, and they state that, as far as can be calculated, 
the gross registered tonnage will be 79,280 tons. The 
general experience in the construction of ships of com- 
merce, as well as ships of war, proves that the first estimate 
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of tonnage is almost always exceeded, because changes are 
made in the design and equipment of the ship as the work 
proceeds, and these add to the weight originally estimated. 
Such changes are to be expected with the 534, and it is 
likely that her gross tonnage will considerably exceed that 
originally intended. 

Each of the single reduction turbines of the Cunard- 
White Star vessel will develop approximately £0,000 s.h.p. 
Her French rival, the Normandie, which is the latest vessel 
to adopt electric power for propulsion, will have 31 Penhoet 
boilers, supplying steam at 400 lb. pressure, and 662° F. 
superheat, to turbo-electric generators driving four shafts 
of between 40,000 and 50,000 s.h.p. each. In connection 
with the steam pressure adopted in both these vessels, it 
is noteworthy that Dr. Bauer, in a recent paper, has shown 
the economical limit of pressure to be 1,500 lb.; but he 
does not feel that there is justification, owing to the 
mechanical difficulties, in extending beyond the present 
practice. Apparently considerable development is necessary 
before materials will be available to render it prudent for 
the adoption of higher pressures. 

The new vessel will have a well-raked stem, cruiser stern, 
and the usual fore and aft rig, with three large funnels of 
suitable slope and height to ensure that the funnel gases will 
clear the promenades on the superstructure decks. These 
form the elements of the appearance of the massive hull 
with its impression of strength, power, and speed. The 
structure comprises 12 decks, viz., sun deck, upper promen- 
ade deck, promenade deck and “‘A”’ to “J ”’ decks—including 
the partial lower decks which are discontinued in the way of 
the extensive machinery spaces. 

Accommodation for first-class passengers is to be provided 
in staterooms situated on the upper promenade, “ A,” “‘ B,”’ 
and ‘‘C”’ decks. The rooms will be single and two-berth 
cabins, and the great majority will be “‘ outboard ” rooms, 
with natural light and ventilation from the ship’s side, 
How completely every variety of taste is to be catered for 
is shown by the first-class public rooms, which include : 
Dining saloon and foyer, main lounge, smoking room, 
library, writing room, cocktail lounge, children’s room, 
swimming pool, Turkish and curative baths, gymnasium, 
and squash rackets court. The whole of the space outside 
the public rooms on the promenade deck will be available 
for the purpose of recreation. Protection from the weather 
will be afforded by the provision of a steel screen at the 
ship’s side, fitted with large sliding windows. 

Apart from the Lusitania and Mauretania, naval 
architects and marine engineers have never been. called 
upon to make such a rapid advance in ship construction 
and equipment as with this vessel, for it is quite likely that 
her tonnage will exceed 80,000, and her speed in service 
greater than 30 knots per hour. But whatever may be 
the final tonnage of the vessel when she passes into service, 
she will represent a great advance on anything hitherto 
attempted in any of the world’s shipyards. She will be a 
challenge to the North Atlantic, and to the officers upon 
whom will devolve the responsibility of navigating such an 
enormous structure. Not only the merchant service but 
the whole country will continue to watch with great 
interest the courage and enterprise which the Cunard- 
White Star Line has shown in the building of No. 534, and 
will wish both the owners and the builders (Messrs. John 
Brown and Co.) every success, 
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Effect of Heat-treatment upon the Form 
of Sulphur in Steel. 


A METALLOGRAPHIC investigation into the effect of an 
annealing treatment upon the quantity and form of the 
sulphur inclusions in steel has been carried out by A. 
Niedenthal and H. Bennek with the view to improve, if 
possible, the forgeability of the steels. The experiments 
were made with carbon and alloy steels which were melted 
in the high-frequency furnace, killed with 0-1% Al, 
and cast in ingots weighing about 56lb. The sulphur 
content was 0-4 to 0-5%. Test-pieces cut from the 
ingots were annealed at temperatures between 800 and 
1,400° C. for 3 hr., quenched in water, and microscopically 
examined. Annealing above 1,000° C. was carried out in 
vacuo. 

In all the unalloyed steels investigated the more or less 
coarse sulphide network found in the as-cast structure 
could be completely destroyed by annealing at 1,000° C. 
At higher temperatures the network re-formed due to 
the liquation of the sulphides. Annealing at 800°C 
required a considerably longer time for destroying the 
network. The globular sulphide inclusions found in steel 
of higher manganese content (0-5%) were not affected. 
In some cases annealing brought about a decrease in the 
quantity of the sulphides present, particularly in steels 
with higher carbon content. This fact is explained by the 
authors as follows. The network found in the as-cast 
structure represents a eutectic constituent rejected directly 
from the melt. Due to an incomplete concentration 
balance the crystals of the solid solution, which solidify 
during cooling, are strongly cored, and, therefore, a larger 
quantity of eutectic appears in the structure than corre- 
sponds to equilibrium conditions. By annealing at a 
sufficiently high temperature concentration is equalised, 
and part of the eutectic network is dissolved. 

In steels containing nickel the network was more marked 
than in carbon steels. Annealing at temperatures above 
900° C. reduced the sulphide content. In steels with 
higher manganese content a eutectic constituent was 
found consisting of nickel and manganese sulphides, which 
was not affected by annealing. In steels containing 
chromium the sulphides were present as more or less 
spherical inclusions arranged in a discontinuous network. 
By annealing part of the sulphides were dissolved. In 
steels with higher manganese content (0-75%) annealing 
had no effect. Molybdenum steels showed a well-defined 
network which was completely destroyed by annealing 
at 900°C. At 1,000° C, the sulphides were present in the 
liquid state. Manganese acted in the same sense as in 
carbon and nickel steels. Further tests showed that the 
forgeability of the steels investigated could be markedly 
improved by an annealing treatment which destroyed the 
network without liquifying the sulphides. (Archiv fur das 
Eisenhuttenwesen, June, 1934.) 


Fluidity of Molten Steel. 


FLUIDITY is a more important factor in the production of 
steel castings than in any other metal, said Mr. E. J. 
Brown, in a recent lecture on Steel Foundry Practice, and 
the difficulties regarding fluidity are much greater to the 
steel founder. The fluidity of molten steel is, within 
certain limits, a function of temperature. High chromium 
steels, in spite of their viscous appearance, are amazingly 
fluid. There is little doubt he continued that there is a 
marked difference in the fluidity of steels in relation to 
the methods of manufacture, for example, converter steel 
has a higher degree of fluidity than steel made in the 
electric are furnace, which has been subjected to the 
action of a reducing slag. 

The influence of temperature on the strength of steel 
has been frequently demonstrated and the lecturer referred 
to the work of the late Dr. Rosenhain who showed that the 
tensile strength of mild steel diminished as the temperature 
was increased until at 1,;000° C. its strength was less than 
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two tons per square inch, if the temperature was raised 
to just below the melting point then the strength would be 
reduced to less than } ton per square inch. When this 
fact was realised by the foundryman it would emphasise 
the importance for the quick easing of castings and the 
prevention of troubles due to incompressible core irons, ete, 

The diminution in volume of steel from the molten to 
the solid cold condition is roughly 5}°,. Shrinkage takes 
place in every direction. References to shrinkage increase 
the difficulties by use of the terms liquid and solid contrac- 
tion. Contraction is proceeding during the whole time 
that cooling is taking place, excepting certain fluctuations 
which occur at the recalescence point. The problem is to 
make suitable provision for this continuous contraction 
and so control it. The problem is increased by the com- 
plicated and intricate shapes of some castings which set 
up tensional stresses. The ideal casting to make so far as 
casting strains are concerned is that of a sphere, where 
such strains are in equilibrium. On the other hand the 
casting of a steel sphere demands special attention to 
feeding if a sound casting is to result. If castings of such 
simple shapes of a sphere or cylinder are not easy to produce 
then some credit must be given to the practical foundryman 
who is called upon to produce every day intricate and 
difficult castings. 


A New Molybdenum Die Steel. 

THE use of a chromium-molybdenum-vanadium non- 
deforming, deep-hardening steel for blanking dies for tin 
plate, has effected considerable economies in car manu- 
facture.* This steel contains 12-50°%, chromium, 0-80 
to 1-00°% molybdenum, 1-00°, vanadium and 1-60% 
carbon. For blanking can ends of various sizes, the dies 
are of the double type producing two pieces per stroke ; 
the automatic presses make 18,500 ends per hour. The 
dies are good for 3,500,000 end blanks between regrindings 
and can be reground eight times with one complete re- 
working between the fifth and sixth periods of use. Total 
die life averages 35,000,000 can ends, 

The steel formerly used by a manufacturer, and handled 
the same as the new steel, contained 12-50°, chromium, 
2-25°,, carbon and no molybdenum or vanadium. Life 
between regrindings averaged only ;1,000,000 blanks and 
total production per set was thus 10,000,000. Regrindings 
were at the rate of 500 a year, as compared with only 143 
with the chromium-vanadium steel. 

Die cost with the new steel is $1-86 per million can 
ends ; cost with the former steel was $6-50 per million, 
the saving being $4-64 per million, or 71°. It is estimated 
that the net annual saving in direct die cost due to the 
improved steel is $2,320, with press time reduced pro- 
portionately. Total saving is 1,071 press-hours a year. 


Forthcoming Meetings 
INSTITUTE OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND. 

Oct. 2. Presidential Address by Prof. J. D. Cormack, 
C.M.G., C.B.E., D.Se. ‘‘ The Acoustic Treatment 
of Meeting Halls,” by E. A. Harroway. 

Oct. 12. ‘‘ James Watt” Dinner at the Grosvenor Res- 
taurant, Glasgow. 


INSTITUTE OF MARINE ENGINEERS. 

Oct. 9. “‘ Full Scale Steering Experiments on Three Ships, 
and Comparison with Model Tests,” by Mrs. 
E. M. L. Smith-Keary, M.A., and F. H. Todd, 
B.Se., Ph.D. 

Oct. 18: “The Southern Railway’s New Train 
Ferries,” by T. W. D. Abell. 

ROYAL AERONAUTICAL SOCIETY. 

Oct. 18. “‘ The Education of Aeronautical Engineers,” by 

Prof. A. J. Sutton Pippard, F.R. Ae.S. 


* Steel. August 27, 1934, p. 29. 
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A Ten-kilowatt Granular Carbon- 


Resistance Furnace 
By J. W. Cuthbertson, M.Sc.* 


A description is given of a carbon-resistance furnace capable of quickly raising 12 to 


15 lb. of metal to 1,600° C. or more. 


The electrical conditions are discussed, and data 


on thermal losses, efficiency and upkeep are appended. Special attention has been given to the 
selection and grading of material for the resistor element, and information on suitable 
refractories for furnace and crucible is also included. 


HERE is no particular difficulty attending the con- 
struction of small electric furnaces for operation at 
temperatures up to 1,000° or 1,100°C. A winding 

of nichrome wire or ribbon, mounted on a convenient 
support, having the necessary thermal and electrical 
insulating properties, answers the purpose quite well. By 
the use of special alloys—e.g., Canthal; the temperature 
range may be extended to perhaps 1,350°C., but this 
figure is approaching the maximum attainable in furnaces 
having unprotected metallic resistors Tungsten and 
molybdenum windings can be raised to considerably 
higher temperatures, but they are costly, and must be 
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Fig. 1—Optimum heating rates for 10 kw. 

furnace, marimum tempera‘uec 1800C°. 


heated in an inert atmosphere, usually “‘ cracked" am- 
monia, thereby introducing an undesirable complication. 

Metallurgical research frequently calls for a furnace 
capable of reaching high temperatures, and having a re- 
latively large capacity. The size of metallic resistance 
furnaces for laboratory use is seriously limited by the 
high cost of the insulating tubes on which the wire is wound. 
Also, the winding itself becomes more expensive in larger 
units, as the weight is greater—it is not practicable to 
reduce the diameter of the wire below a certain limit ; 
in fact, the thicker the resistor element the longer its life. 
The objections to the use of costly refractory tubes disap- 
pear if an exposed winding is employed, as in most industrial 
furnaces of this type, but the design and construction of 
small resistance furnaces along the lines of large units is 
beset with a number of difficulties. 

For those who have ready access to a high-frequeney 
induction furnace of adequate capacity, many problems 
involving high-temperature technique are automatically 
solved, but in the majority of cases the heating of more 
than small amounts of metal to temperatures exceeding 
1,400° C. is a troublesome and difficult matter. 

The granular carbon electric resistance furnace 
about to be described possesses unique advantages. 
Excluding the aforementioned high-frequency method 
of heating, there is no small high-temperature furnace 








* Lecturer in Electrometallurgy University of Ma‘chester. 





which offers so wide a sphere of useful application. 
Owing to the somewhat erratic behaviour of these 
furnaces when constructed without due regard to certain 
precautions, they are occasionally regarded with disfavour. 
It is the purpose of this paper to show how careful design 
helps to overcome the few troubles peculiar to this type of 
furnace. With the selection of correct electrical conditions 
the granular carbon-resistance method of heating gives 
most promising results. 7 
Carbon-resistance furnaces are used in industry, an 
outstanding example being the Baily’, which has been 
manufactured in quite large sizes in America. 
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Fig. 2—Change of resistance of granular carbon charge with 
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temperature. 


The advantages claimed for this type of furnace are 
simplicity, cheapness and the possibility of attaining 
temperatures up to 1,800°C. or more in the minimum 
space of time—heavy overloads can be accommodated 
during the initial periods of heating up. 

On the other hand, disadvantages often quoted are the 
burning away of the resistor, which, however, being quite 
inexpensive, is easily replenished from time to time. 
Secondly, the resistance of the furnace changes continuously, 
owing to the nature of the packing, and consequently 
temperature control is difficult. Careful grading and 
building up go far to minimise this drawback, but the 
author does not suggest that this furnace is ideal for 
work necessitating maintenance of a perfectly constant 
temperature. At the same time, regulation at high 
temperatures is often simpler than is the case with some 
small high-frequency furnaces. 

With an input of 10 kw. the furnace herein described 
will reach 1,600° C. from cold in one and a half hours. If 
greater power is available the input may be increased up to 
20 k.w. for the first half hour, but as the temperature rises 
the power must be reduced to prevent excessive wear and 
tear of the lining. In this way the period of heating up 
may be reduced to less than an hour. Very rapid heating 
is not recommended, however, as it often leads to spalling 
of the magnesite bricks forming the inner part of the furnace, 





i Peans. An, B.2s0rd2a2m, S22., 1919, 35 . pp. 411-414, 
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and possibly also cracking of the crucible. The power 
input curves reproduced in Fig. 1 will be found to give 
satisfactory conditions of heating. 

For a given input the maximum temperature attainable 
is decided merely by the heat losses through furnace walls 
Attention to the details of design prevents 
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Fig. 3—Transformer unit. 








these losses from becoming excessive. If the dimensions 
are correctly proportioned the efficiency, as small furnaces 
go, 

Construction 


is good. 


presents no undue difficulties, and can 


confidently be undertaken by anyone having ordinary 
workshop facilities. 
in Figs. 4, 5 and 6. 


Most of the essential details are given 





Fig. 4—General view of furnace. 


Power Supply. 

Amorphous carbon and graphite have positive tem- 
perature coefficients of electrical conductivity, hence 
during periods of heating up, if the kilowatt input to the 
furnace is to be kept constant a variable voltage supply 
must be to hand. Actually, the resistance of the granular 
carbon charge is found to decrease with rising temperature 
to a greater extent than would be expected from calcula- 
tion based on the resistance cold and known value of the 
temperature coefficient of solid carbon. This is illustrated 
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by the curves in Figs. 2. The conductivity increases 
rapidly up to about 6C0° C., then more slowly, and above 
1,000° C, is fairly constant. 

When cold, the resistance of the furnace may be so high 
that 80 to 90 volts is required to give the necessary input. 
The initial resistance depends upon two factors—viz., the 
form of carbon used for the heating element and the 
grading, that is, maximum and minimum size of granule 
and relative quantities of fine and coarse material. As this 
is an important aspect of design, the matter will be referred 
to again. It may be emphasised here that the resistor 
material and packing should be adjusted so that, for the 
maximum input decided upon, the voltage at starting need 
not exceed 60. Higher voltages are always attended by 
considerable arcing. Whilst the furnace is cold, a certain 
amount of arcing is almost unavoidable, but it should be 
reduced as far as possible, the resulting development of 
local hot-spots being very destructive of refractories. 
Incidentally, arcing is accompanied by undesirable voltage 
fluctuation. 

To enable the furnace to take an overload of 100° on 
starting, the resistance cold must be low enough to allow 
of this without having to employ an unduly high voltage. 
The effect of variation in resistance upon the electrical 
conditions is illustrated in the following table. 


TABLE I, 
Resistance. Input. E.M.F. Current. 
Ohms. Kw. Volts. Amperes. 
0-5 20 100-0 200-0 
0-5 15 86-6 173-2 
0-5 10 70-7 141-4 
0-4 20 89-4 223-6 
0-4 15 77-5 193-6 
0-4 10 63-2 158-1 
0-3 20 77-5 258-2 
0-3 15 67-1 223-6 
0-3 10 54-7 182-6 
0-2 20 63-2 316-2 
0-2 15 54°8 273-9 
0-2 10 44-7 223-6 
The restrictions imposed by arcing thus limit the 


resistance of the cold charge to a maximum of 0-3 ohms, 
and a lower value is preferable. 

In Table I. are given figures relating to a furnace charged 
with equal weights of crushed graphite and amorphous 
carbon, a mixture which, as explained later, gives very 
good results. 

TasBLe II. 


Temperature | Resistance. Input. E.M.F. Current. 
Cc, Ohms, Kw. Volts. Amperes. 
20 0-18 20 60-0 333-3 
20 0-18 15 51-9 288-6 
02 0-18 10 42-4 235-7 
500 0-07 15 32-4 462-9 
500 0-07 10 26-4 377-9 
1,000 0-063 10 25-1 398-4 
1,500 0-061 10 24-7 405-0 


The power may be obtained either from a transformer 
with tappings or variable voltage alternating current 
generator. Granular carbon furnaces do not function 
satisfactorily on direct current ; it is difficult to get uniform 
distribution of temperature. 

Whichever method is chosen, it must permit of voltage 
variation, on full load, from 15 to 60. (If the resistor is 
chiefly coke, and operation is intermittent, a range of from 
30 to 90 volts should suffice.) 

The kilowatt output of the transformer or generator 
need not exceed the furnace rating for continuous operation, 
but, as overloads of.100°%, can safely be absorbed during 
the stages of warming up, thus effecting considerable 
saving in time, it is advantageous to arrange for an 
adequate power supply. 
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The author has used a Metropolitan-Vickers single-phase 
generator with separately excited field in conjunction with 
a fixed ratio step-down transformer. Variation of the 
field current provides the necessary voltage regulation. 
For work in which the temperature called for did no 
exceed 1,100° C., a 5-kw. Ferranti transformer has proved 
very useful. In reality, this comprises two units in one 
oil tank, a three-to-one phase transformer followed by a 
tapped auto-transformer, the arrangement being as shown 
in Fig. 3. To avoid a multiplicity of switch contacts and 
yet obtain fine control, a number of fixed tappings are 
provided, the switch giving a range of voltages on any tap. 
The switch can be manipulated on load, but when a fixed 
tapping is changed, the current must be cut off for a few 
moments. As this does not generally require doing more 
than once during the period of heating up, it is not a serious 
disadvantage. 

Electrodes. 

The current is introduced by two graphite electrodes, 
as shown in Figs. 4 and 5. Graphite has a higher electrical 
conductivity than amorphous carbon, but as its thermal 
conductivity is also high the heat ioss is greater than in 
the case of amorphous carbon rods of similar dimensions. 

The greater current density permissible with graphite 
electrodes, however, allows the cross-section to be reduced, 
and the conduction heat loss decreases accordingly. 

There must be no undue burning away of the electrodes, 
The part just above the coke bed is most troublesome in 
this direction. The addition to the internal heating by the 
current and conduction from the hot carbon granules, 
radiation and convection assist in raising the temperature 
of the electrodes in this locality. The hottest parts of the 
rods are, of course, buried in the fuel bed, but, provided 
the furnace is reasonably airtight, consumption there should 
be exceedingly slow. 

As graphite does not start to burn in air below 640° C, 
whereas amorphous carbon burns at 500° C.*, the former 
is clearly superior. Once burning has commenced, it 
proceeds rapidly, because the reduced cross-section means 
an increase in the current density, and hence further internal 
electrical heating. 

Protection of the rods for a distance of three or four 
inches above the fuel is advisable, and is ensured if a coat- 
ing of finely-powdered carborundum, made into a paste 
with water and a little sodium silicate, is applied evenly 
with a brush. A second layer may be put on after the first 
has dried, but if the coating is too thick, it is liable to crack 
and flake off. 

Normally, the electrodes should have a very long life. 
If, however, accidental air leakages or other causes result 
in excessive burning away the rods must be replaced. 
Patching the worn parts with graphite mixtures, as is 
sometimes recommended, is of little use, the new material 
always becoming detached from the old. 


Electrode Dimensions and Heat Losses. 

Carl Hering? has shown that, for minimum heat loss 
from an electrode the ratio of cross-sectional area A to 
length Lis given by 

ms. 2 a/ Pex 
L At 
where A = area, in?. 
L = length, in. 
I current, amperes. ‘ 
At = temperature difference between hot and cold 
ends, °C. 
p = specific resistance, ohms per in.?°. 
Pru = thermal resistance, thermal ohms, i.e. + 
where k is in watts in? (°C., in)". 

For graphite between 0° and 1,600° C. the average value 
of pis3-2 * 10-4, and of py is 0.314. Hence, for a current 
of 350 amperes and electrode length of 18 in., and assuming 





2 Gow, “ Electro-metallurgy of Steel.” p. 321. 
8 Trans. Am, Electrochem, Soc., 1909, 16, p. 265. 
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a temperature difference of 1,500° C. between the two ends, 
the optimum cross-sectional area becomes 1-158 in.2 
corresponding to a diameter of 1-214 in. 

The current density is thus approximately 300 amperes 


A 








aEeee—— 
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Fig. 5—Side elevation, rari section, 





Fig. 6—Plan, part section. 


\ —Cooling water. B—Copper bar. ( Fibre. D—25-amp. cable, E Copper 
block. F—silocel bricks, removable, if necessary. G—Firebrick. H— Granular 
carbon, J—Magnesite brick, L-—KieselGuhr. M—Slag wool. N—Sheet iron, 
O—Copperbar. P—Hole for thermometer. R-—Water inlet. 


per in.? which, for graphite is excessively high. The heat 
loss from the whole electrode is then a minimum, but the 
greater the current density the larger is the electrical 
component of heat production, and as this source of heating 
tends to be uniform throughout the length of the electrode, 
the final temperature distribution along the latter becomes 
less satisfactory, from secondary considerations, as the 
current density increases. If, on the other hand, a larger 
section is chosen, the conduction loss will be greater, but 
as the heat is here supplied at one end, the temperature 
gradient falls steeply from the bottom upwards. Hence 
the exposed portion of the electrode is now cooler than 
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in the preceding case, and there is less tendency of the 
graphite burning or wasting away in the surrounding air, 
and less likelihood of oxidation of the copper holders. 


In the furnace illustrated the electrodes are 2in. in 
diameter. This is larger than is necessary for currents up 
to 350 amperes, but it must be remembered that much 
heavier currents may be carried whilst the furnace is warm- 
ing up. Also large electrodes impart flexibility in that, 
should it be desired to use a resistor of high conductivity, 
containing perhaps a large proportion of graphite, the 
increased current can be handled without the current 
density becoming too high. For small graphite electrodes 
the latter may safely be 200 amperes per in.*, hence for 
the 2-in. size the maximum current should not exceed 
600 amperes. 

Another point in favour of large diameters is the im- 
proved facilities offered for making a sound electrical 
connection at the upper end. Diminutive electrode- 
holders are always unsatisfactory. 

Considering an electrode 2in. diameter and 18 in. in 
length, the conduction heat loss will be 

At A 
Q . 
Pre L 
833 watts per electrode ; 
and the electrical loss 
. a ” 
W 1*p ‘A 
225 watts per electrode, so that the total 
loss for the two electrodes becomes 2-116kw. If the 
electrodes were of optimum dimensions as calculated from 
Hering’s formula, the loss for the pair would be 1-834 kw., 
so that increasing the diameter as advocated above does not 
entail serious wastage. 

If there is a cavity between the back of the electrode 
and furnace walls, it should be filled with finely-powdered 
carbon in order to exclude air draughts. 


Electrode holders should be of H.C. copper, the arrange- 
ment shown in Fig. 7 having proved satisfactory. The 
copper blocks are machined to fit against the graphite rods, 
the latter being held in position by brass straps with sheet- 
copper interleaving. If all surfaces are carefully cleaned 
with emery cloth, a perfect contact is readily obtained. 
No jointing paste is necessary; in fact, the author con- 
siders its use inadvisable. 

The holders illustrated are water-cooled, and 
originally intended to operate continuously at 350 amperes 
when the temperature of the upper ends of the electrodes 
should not exceed 120° C. In subsequent work the current 
has been increased to 500 amperes, and although the tops 
of the electrodes ultimately reach a maximum temperature 
of 200° C., no trouble from arcing, burning or development 
of hot-spots has been experienced. The copper surfaces 
are not appreciably oxidised at this temperature. 

The electrode clamps just described are simple and 
effective ; no special precautions are called for in fitting. 
Furthermore, replacement of an electrode can be accom- 
plished in a few minutes. 

Current is lead to each block by two copper bars | in. x 
jin. section. The height of the holders above the furnace 
should be adjusted to make for accessibility to the crucible ; 
there is nothing to be gained by making the exposed part 
of the electrode short. The electrical heat loss varies as 
the length L, whereas the conduction loss is inversely 
proportional to L, and as the latter is by far the greater 
in the design under consideration, it pays to make L 
relatively long. A total length of 24 in. is convenient for a 
10-k.w. furnace. For purposes of calculation, the effective 
length, that is, the length over which the temperature 
gradient Az is taken, may then be assumed to be 18 in. 
A part of the length of electrode immersed in the fuel bed 
plus a short piece above the centre line of the holder 
accounts for the difference, 
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The Carbon Resistor. 


Coke is commonly used for the heating element, but is 
not recommended. Unless the ash content is extremely 
low, its accumulation as the coke burns away necessitates 
a shut-down and clean out every three or four days. Also 
the ash is liable to corrode any refractory material with 
which it comes into contact. A point in its favour is 
cheapness, but the disadvantages so greatly outweigh this 
that, whenever possible, it should no the employed alone, 
If mixed with 50°, or more by weight of crushed amorphous 
carbon or graphite, a considerable improvement results, 
but to ensure ease of regulation and minimum variation 
of resistance during operation coke should be completely 
eliminated. 

The most serious objection to the use of all packings 
containing coke is their instability as regards conductivity, 
particularly during preliminary stages of heating up, when 
current and voltage fluctuations may be so wide as to render 
control difficult. Owing partly to the volatilisation of traces 
of retained organic compounds, the specific resistance of 
coke decreases up to about 1,400° C. to a far greater extent 
than is found with other forms of carbon. Even above 
this temperature the resistance falls appreciably with time. 
This may at first appear paradoxical as the increasing 
quantity of ash in the fuel bed would tend to lower the 
conductivity. The explanation is in the large amount of 
fine material which results from disintegration of the coke ; 
this tendency to break down into fines is pronounced, and 
is probably associated with the inherent porosity of the 
material, together with the volatilisation losses mentioned 
above. A contributory cause of rise in conductivity is slow 
graphitisation at elevated temperatures. 

The best form of resistor is a carefully-graded mixture 
of crushed amorphous carbon and graphite ; old electrodes 
answer the purpose admirably. Graphite may be used 
alone, but as its conductivity is relatively high, the power 
must then be supplied at a lower voltage than in the case 
of amorphous carbon and the excessively high currents 
involved are undesirable. 

Equal weights of amorphous and graphitic material will 
generally be satisfactory, but there is no necessity to adhere 
rigidly to this. If limitations of current call for a high 
resistance, the quantity of graphite may be reduced or 
even eliminated altogether. A further increase in resistance 
can be effected by the admixture of coke, but if more than 
is used, the disadvantages previously pointed out 
must be taken into consideration. For intermittent use, 
in which the resistor is renewed after perhaps a day’s work, 
charges, containing up to 50°, or more of coke, can be 
operated reasonably well, if given constant attention, and a 
much higher voltage can be used. After some hours, the 
time depending on the furnce temperature, the resistance 
starts falling, and any advantages are lost. If the tem- 
perature is high, this effect may become pronounced in an 
hour ar so, but an improvement is found if the coke is in 
large granules, although greater fluctuations in current 
result. Coke-free mixtures should be crushed to pass a 
sieve with #-in. square holes, and all material below six- 
mesh (}-in. square holes) sifted out. As fine material 
always forms during use, it is advisable to sieve the charge 
at intervals when cleaning out is deemed necesary. Any ash 
present will be in a fine state of division, and hence is 
removed at the same time. In the absence of coke the 
resistor will function for a considerable number of hours 
without a shut-down, always provided that air is excluded 
so far as is possible. If there is much air leakage, constant 
replenishment of the resistor increases the amount of ash 
and fines, 

If coke is employed, it should be crushed separately to 
pass a two-mesh.sieve and all below four-mesh rejected. 
It is then mixed with the other constituents which have 
previously been graded as directed. 

In the case of the 50°, graphite amorphous carbon 
mixture in a furnace with mertared joints, but having a 
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loosely-fitting lid, the consumption of carbon at 1,600° C- 
is from 0-5 to 1-0°, of the total weight of resistor per hour, 
Whatever form the resistor takes, it should not be tightly 
packed. Occasional poking with an iron rod facilitates 
settling down and filling of the spaces formed by the 
burning away of part of the material. Frequent resource 
to this practice, however, increases the fines. At high 
temperatures once every few hours should suffice, whilst 
at 1,000° C. or so, once a day may be often enough. After 
poking, fresh materia] may be added to make up the loss. 


Refractories. 

Postponing for the moment the question of crucibles, 
the building of the furnace chamber calls for consideration, 
The lining must be of some material whose properties are 
such that it can meet the demands imposed by the rather 
unusual conditions found in these furnaces. Highly 
siliceous refractories cannot be used for temperatures 
exceeding 1,200°C. Above this silica is reduced by the 
carbon in contact with it, and corrosion proceeds very 
rapidly as the temperature rises. It is difficult to say just 
what is the lowest temperature at which this reduction 
commences ; the figure usually quoted is 1,615° C.4, but 
is liable to modification. Thus, at low gas pressures and 
in the presence of catalysts (e.g., iron, manganese, etc., 
the former in particular being nearly always found in 
refractory materials) the reduction may start at 1,100° C.5 
From the author’s experiments, it would appear that the 
reaction between silica and carbon starts in the vicinity 
of 1,450° C., but this statement does not necessarily imply 
that the furnace can be used with siliceous refractories at 
temperatures approaching the above. It must be borne 
in mind that, especially with high voltages, minute ares 
are constantly liable to form in the carbon fuel bed, and 
hence, if the temperature registered in the furnace is in the 
neighbourhood of 1,200° C., it is almost certain that in 
areas probably extremely localised at first, a much higher 
temperature prevails. Attack of the lining commences 
at a number of isolated points, and once initiated, proceeds 
at an alarming rate. 

If the temperature of the crucible is raised to 1,400 or 
1,500° C., the localised temperature is sufficiently high to 
cause dissociation of part of the silicon carbide, and the 
volatilised silicon can be ignited with the carbon monoxide 
at the top of the furnace, where it burns with a typical 
yellow flame, a deposit of silica forming on the electrodes 
and holders. 

Fireclay resists attack to a greater extent than silica, 
but is quite unsuitable for more than moderate temperatures, 
The best material to use is magnesite, which is perfectly 
inert towards hot carbon, although the bricks have the 
disadvantage of a high thermal conductivity. For sim- 
plicity of construction good magnesite bricks should be 
arranged to form a chamber of wall thickness not above 
three inches. If the highest efficiency is wanted, the heat- 
ing chamber may be built of firebrick and lined with 
crushed dead-burnt magnesite mixed with a suitable 
bond, and rammed around a wood core. Such a mono- 
lithic lining, about one inch in thickness, should resist 
attack, and the lower conductivity of the firebrick reduces 
the thermal loss. 

Bauxite and mullite have been suggested for granular 
carbon furnaces, and would probably make good linings, 
but as the author has not investigated the behaviour of 
these materials, no information can be given here as to their 
adaptability or otherwise. 

All joints in the heating chamber must be carefully made 
and cracks cemented up to exclude air. The exterior of 
the furnace is similar in shape to the inner part, but 
separated therefrom by a space of at least three inches 
filled with kieselguhr. The outer part may be of firebrick 
or well-burnt red-brick with cemented joints, and is covered 
with sheet iron held in place by angle sections and tie- 
rods. If desired, sheet asbestos or slag wool may be 





331. 


Trans, Chem. Soc., 1908, 93. 


4 Pring. ‘The Electric Furnace.” p. 
5 Greenwood. 
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interposed between the iron casing and brickwork. The 
top of the furnace, including the lid, is of kieselguhr bricks 


(Siloce] C 22). Owing to shrinkage, the lid disintegrates 
in time at the hot end, but renewal is not a costly matter 
and, as the bricks afford good thermal insulation, combined 
with lightness, their use is justified, 

What has been said regarding the furnace chamber 
applies to an even greater extent in the case of the crucible. 
For temperatures not exceeding 1,200° C. a good fireclay 
pot may be used, but it should be given one or two coats of 
alundum cement, about }in. thick, in all, well dried and 
baked hard. As this coating is friable and easily damaged, 
vigorous poking of the charge should be avoided until 
the temperature has reached 1,000° C. or more when the 
coating gradually becomes harder. Rapid heating, that is, 
heavy overloading, is not permissible with siliceous 
crucibles, owing to the danger of hot-spot formation, and 
consequent reduction of the silica. 

For high temperature work magnesite crucibles may be 
used, but are expensive. For most purposes a Salamander 
crucible, of graphite and clay, answers quite well. These 
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pots have a long life, and, as their electrical conductivity 
is higher than that of other refractories, they heat up 
rapidly by virtue of the current circulating through their 
walls. Charge and container thus reach a temperature 
above that of the walls of the heating chamber, which is 
conducive to economy of power and promotes rapid work- 
ing. The resistance of Salamander pots is not low enough 
to reduce seriously the total resistance of the furnace 
provided the diameter does not exceed a certain size; a 
sufficiently thick layer of granular carbon must be inter- 
posed between electrodes and crucible. If at any time a 
larger pot is required, it should be coated with a thin layer 
of alundum and, although the electrical advantages just 
mentioned will be lost, the furnace resistance will not be 
inconveniently lowered. 

A Morgan Salamander “ A”’ shape crucible, size No. 8, 
is convenient for a 10-kw. furnace, and has a capacity 
of 12 to 151b. of steel. 

The objection to the use of these pots is the tendency 
to introduce carbon into the melt. Thus, a steel containing 
0-15°% carbon was melted and cast on three successive 
occasions, the same pot being used each time, and the 
final carbon content was 0-4°. It would appear, therefore, 








146 METALLURGIA 


that in the case of medium and low carbon steels, an 
allowance of 0-15°% increase in carbon content should be 
made for each melting. 

In the above example, no special precautions were 
taken to ensure a good slag covering, and there was no lid 
on the crucible, so that there is a possibility of carbon 
monoxide playing a part in the carburising action. 

If carbon is to be excluded, the more expensive magnesite 
or alundum crucibles must be resorted to, but even then 
it is impossible to ensure protection of the melt from 
carbon monoxide, 


Heat Loss through Furnace Wall. 


The conduction of heat through the walls of a spherical 
enclosure is proportional to the geometric mean of the 
inner and outer surface areas. In applying the same 
principle to concentric cubes, the error introduced is small 
and the furnace in question approximates closely enough 
to a cube to permit of such treatment. Referring to Fig. 6, 


if A,, A, ... represent surface areas (in®), L, L, .. . are 
wall thicknesses (in.), and k,, &, ... thermal conductivities 


(thermal mhos—+.e., reciprocal thermal ohms), respectively, 
then the heat loss Q in watts is given by 
Qt 

Ly L 
- — + - + : +0 
kVA, A, kVA, A, & VA, Ag 
where Af is the difference in temperature between the 
furnace chamber and the outside atmosphere, say 
1,700° C, 

It is very difficult to obtain satisfactory values for 
k,, ky . . . a8 the thermal properties of bricks are affected 
by manufacturing conditions, and the conductivity of 
kieselguhr is sensitive to density of packing. The following 
figures have been chosen as being generally applicable. 

Magnesite 0: 16980) 

Kieselguhr 0-00201 +} watts in, ~? (°° C., in)". 

Red brick 0 -02120) 

(If the furnace is built with a sheet asbestos overlay, the 
latter may be reckoned along with the red brick, or neglected 
entirely) 

Substituting these values in the formula, for a 10-kw. 
furnace of the dimensions given, the heat loss Q=1-980 kw. 
The assumption has here been made, however, that the 
loss from the top or bottom of the structure is of the same 
order as that from a side wall, which is clearly not so. As 
it is impracticable to build the furnace bottom over kiesel- 
guhr, insulating bricks of much higher conductivity must 
be used, Also there is no layer of insulation over the top, 
and air leakage around the lid and electrode entrances 
create convection currents, which are an additional source 
of heat wastage. Except in this locality, heat transference 
by convection is almost non-existent. 

It is practically impossible to calculate these other 
losses ; apart from the difficulties involved, they are not 
constant, depending, for example, on the frequency with 
which the lid is removed for charging or inspection. Never- 
theless, the figure previously determined is useful as it 
gives some indication of what may be expected. From 
direct observation it appears that, for average operating 
conditions in small granular carbon furnaces conforming 
to the design given, the actual thermal] loss through all the 
walls, excluding the electrode losses, may be taken as 
twice the calculated figure. Hence, the total heat loss for 
the unit under consideration becomes 2 (1-980) + (2-116) 
= 6 kw. approximately, at 1,700° C. 


. 7 


Q 


Efficiency. 

The efficiency of the 10-k.w. furnace, when operating 
continuously, is therefore about 40%, which is quite a 
good performance when the unavoidable heat losses 
associated with small furnaces are taken into consideration. 

When used intermittently, the efficiency will be lower. 
Assuming that the current has been on for an hour, and 
the temperature js around 1,600°C., then for an input 





SEPTEMBER, 1934. 


of 10 kw. it should be possible to melt 15 lb. of low-carbon 
steel per hour. For heating and melting iron the 
theoretical power which must be supplied is approximately 
367-5 kw. hr. per ton. Hence, the efficiency of the smal] 
unit is now of the order of 25°. The discrepancy between 
the two values is attributable to the fact that, in the 
second case, thermal equilibrium has not been attained. 
The overall saving in time, however, compensates for the 
decreased efficiency of intermittent operation. 


Notes on Operation. 


The bottom of the heating chamber should be covered 
to a depth of about }in. with granular carbon before 
inserting the pot. Should a crack develop in the latter, 
the molten metal intermingies with the carbon, and does 
not adhere to the bottom bricks, so that removal is 
simplified. 

The carbon mixture is then shovelled loosely into the 
furnace until just below the top of the pot, and a thick 
wire should be pushed into it at a number of points to 
bring about consolidation, and remove any large air spaces, 
the operation beirg repeated whenever the resistance 
shows a tendency to rise. For a furnace of the dimensions 
given in Fig. 6, the amount of granular carbon required 
will be about 10-5 Ib. 

When starting from cold, frequent regulation will be 
necessary for the first half-hour or so. After the desired 
temperature has been reached, the input may be reduced 
until it balances the heat loss, and a more or less constant 
temperature maintained. It is important to realise that. 
if the energy input is not sufficient to keep the furnace 
temperature at the value wanted, the cooling carbon 
charge, owing to its characteristics, will increase in 
resistance and hence, if the voltage is constant, the power 
input will fall, making matters still worse. This effect is not 
serious in high-temperature work where the specific 
resistance of carbon is nearly constant, but for temperatures 
up to 1,000° C. it should not be forgotten. Fortunately, 
with most systems of power supply the fall in current which 
accompanies increase in internal resistance causes the 
voltage to rise, thus counteracting, to some extent, the 
tendency for the power to drop. With a little experience 
it is possible to adjust the voltage to any particular operat- 
ing conditions, and leave it unattended for considerable 
periods. A refinement would be some form of automatic 
regulator, but as the resistance changes with temperature 
any such mechanism must be designed to maintain a 
constant kilowatt input, and the complication involved 
is scarcely worth while. 

If at any time the current falls, the cause is the forma- 
tion of cavities in the fuel bed, nearly always in the vicinity 
of the electrodes. Arcing occurs and the audible evidence 
alone is usually sufficient indication that attention is re- 
quired. The remedy of this trouble is poking down near 
the electrodes in the manner referred to above. Vigorous 
poking must never be resorted to ; it leads to erratic work- 
ing and, especially with charges containing coke the in- 
creased pressure between refractories and carbon facilitates 
fluxing by the ash in the latter. It is advisable when 
poking the charge to reduce the current to prevent heavy 
surges, if the operation is inadvertently tco drastic. 

Occasionally it is noticed that the current has increased 
greatly, and the voltage fallen almest to zero. If this 
happens the power should be shut off without delay, as 
probably the crucible has fractured or developed a leak, 
and the molten metal is short-circuiting the electrodes. 

When the metal is ready for tapping, it may either be 
ladled out, or the pot withdrawn bodily from the coke bed. 
Herein lies a disadvantage, namely the impossibility of 
replacing the pot owing to collapse of the carbon charge, 
some of which must first be removed. If the furnace is at 
1,600° C. or more, it must be allowed to ccol down some- 
what before this can be done, and, in any case, serious heat 
wastage results. There are two ways in which this difficulty 
can be overcome. The first is to use one crucible inside 
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another, or within a carborundum tube, as used in the fur- 
nace described by Austin and Murphy.* The objection 
to this is that the electrical heating obtained with a 
Salamander pot is no longer available. The method is 
quite sound for moderate temperature work, but for 
steel melting the gradient through the two pots leads to 
excessively high furnace temperatures, unless time is no 
object. The efficiency is reduced, and wear and tear on 
the lining increases. 

The alternative is to have a tap-hoile in the side of the pot 
at the bottom, closed by a plug, from which the metal can 
be drawn off as required. The author is experimenting 
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with this idea at present, and although there are difficulties, 
it is thought that it offers a solution of the problem. 

As it is impossible to lute up these furnaces, carbon 
monoxide always forms and can be a source of danger, 
unless precautions are taken. On replacement of the lid 
after inspection, a flame should be applied to the top of 
the furnace to ignite any gas which is coming off. A small 
gas-jet can be kept alight permanently to do this. Safety 
is then assured; the author’s furnace is installed in a 
closed laboratory and, after many hours’ working, no ill 
effects have been experienced. 





6 J, Inst. Metals. No. 1, 1923. 29, p. 335, 


RESULTS of the U.S.S.R. 1934 PLAN 


Industrialising Russia is a gigantic task undertaken by the U.S.S.R., and the results achieved 
during the first half of this year indicate the progress being made in the plan arranged to 


effect national economy. 


HE working of the plan for the national economy of 
the U.S.8S.R. during the first half of the present year 
is noteworthy, according to an article in Jzvestia. 

Some of the most outstanding features enumerated include 
the reconstruction of several branches of the national 
economy in accordance with party and Government 
decisions ; the great increase in industrial production ; 
more efficient organisation of the socialised section of 
agriculture, as seen in the delivery indices and the conduct 
of the spring sowing; the tremendous increase in the 
retail trading system; the favourable balance in foreign 
trade. On the negative side is the still unsatisfactory 
working of the railways ; unsatisfactory quality indices ; 
unequalness fulfilment of the plan in some branches of the 
economy. More specifically, the results of the six months 
are the following. 
Industry. 

The increase in production of the heavy industries 
during the six months was 19-3°,, as against a planned 
increase of 21°. The industries under the control of the 
Commissariat of Heavy Industries show the biggest 
increase—29-1°%,, while the Commissariat of Supplies 
comes next with 20-4°,, the Commissiariat of Timber 
with 8-4°,, and the Commissariat of Light Industries 
with 3-1°,. Though the increase in industrial production 
was higher than the average estimated in the second five- 
year plan, it is still below that fixed for the year. The 
output of the heavy industries was 9-7°%, less than that 
planned in the first quarter, and 5°, less in the second 
quarter. 

As regards the various branches of industry, the position 
is as follows = 

The output of electrical energy by the regional power 
stations during the six months has increased by 32% 
in the second quarter, the output was 3-1°, in excess of 
the plan. The output of coal rose by 26-6%; the plan 
for the second quarter was exceeded by 5-2°,; the plan 
for the whole six months was carricd out to the extent of 
46-6°%, in relation to that contemplated for the year. 
The average daily output of coal for all the coalfields of 
the Union was 202,000 tons in June of last year ; this June 
it rose to 249,300 tons. Production in pig-iron rose by 
40-3°%,. The plan for the six months was carried out to 
the extent of 47-3°, in relation to that contemplated for 
the year. The average daily output of pig iron rose from 
21,200 tons in June, 1933, to 29,900 tons in June of this 
year. 

The increase in the output of machinery was 26-9°%, 
falling short of the plan by 6-8°%. The plan of production 
for the six months was carried out to the extent of 48-4 % 
The production of transport machinery in the second. 
quarter was 15-3%, less than was fixed by the plan, and 
the output of agricultural machinery in the second quarter 
fell short of the plan by 21-4%. 


In this article only the more important features are discussed. 


Agriculture. 

The six months under review are characterised by 
considerable improvements in the organisational side of 
agriculture. The preparations for the spring sowing were 
more efficient than in previous years ;- the same may be 
said regarding the supply of seed, the supply of fodder for 
draught animals, ete. On June 1, 1934, the machine and 
tractor stations had at their disposal 148,000 tractors, 
which compares very favourably with the 90,0C0 of the 
spring of last year. 

The plan for the spring sowing was exceeded by 1-9% ; 
the sowing itself was carried out in a much shorter time 
than in previous years. The collective farms sowed an 
area of 5-0°, more than was fixed by the plan, while the 
State farms fell short in their sowing by an area of 3-5%. 
Individual formers sowed an area of 9-7°, less than was 
estimated. Preparation for the harvest was also carried 
out more efficiently than in previous years. 

Notwithstanding the fact that traffic on the railways 
has considerably increased during the six months under 
review, compared with last year, and that the daily average 
of occupied wagons was 10-5°%, more than in the corres- 
ponding period of 1933, the average number of wagons 
loaded per day fell considerably short of the plan. The 
estimate for the six months was 68,000 wagons per day ; 
the actual daily average was 54,500, reaching 57,800 only 
at the end of June. 

Employment. 

As a result of expansion in industry, transport and con- 
struction, the number of workers employed has increased. 
The average number employed in big industry during the 
pericd May to June had increased by 9-3°%, as compared 
with the corresponding six months of 1933, and by 7-1°%, 
as compared with the average for the whole of 1933. The 
average number of workers employed on the railways 
during the six months under review was 11-2 °, more than 
in the corresponding pericd of last year. The average 
number of workers engaged in construction has increased 
by 13-2%. 

Productivity of Labour and Costs. 

The output per worker per working day has increased by 
16-2%, as compared with an increase of 17% in the 
corresponding six months of 1935. The Commissariat of 
Light Industries has been the worst in this respect, showing 
an increase in labour productivity of 0-5°%,, as against the 
6°, planned. In the chemical industry, the increase in 
labour productivity was 30°, in ferrous metallurgy 27 -8°%,. 

The estimates of the plan were for a decrease in the costs 
of production in industry as a whole of 4-7°,. During the 
five months for which figures are available, production 
costs have been reduced by 2-5°,. As regards the different 
industries, those under the control of the Commissariat of 
Heavy Industries have the biggest decline in production 
costs, namely, 5-8°,. 
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RON and STEEL INSTITUTE 


The Autumn Meeting in Belgium and Luxembourg 


[ was a happy thought which led to the Autumn 
} meeting of the Lron and Steel Institute being held in 

Belgium and Luxembourg, for nothing tends to break 
down international barriers so effectively as meetings of 
this kind, in which there is a free interchange of ideas. 
No single country possesses a monopoly of the best 
industrial processes, and this is particularly true of the 
iron and steel industry in which so many factors must be 
considered in the development of plant and technique 
suitable for each manufacturing country and even district ; 
the opportunities to meet industrialists and technical 
specialists in other countries therefore are of great im- 
portance, and tend to promote mutual progress, and when, 
as at this meeting, facilities are provided for numerous 
visits to important works the results cannot fail to have 
far-reaching effects. 

This meeting was held in Belgium and, Luxembourg by 
kind invitation of Mr. Léon Greiner and Aloyae Meuer, 
with the support and co-operation of the industrialists of 
those countries, The arrangements for the meeting were 
carried out by influential reception committees and 
the hon. secretaries, M. A. Greiner (Belgium), and M. 
A. Kepgen (Luxembourg), who are to be congratulated on 


the excellent manner in which these were organized. The 
technical sessions were conducted at the Palais des 


Académies, Brussels, and at the Hotel de L’Arbed, Luxem- 
bourg. The papers presented were comprehensive, and 
covered a wide range of subjects, therefore only brief 
reference can be made to them here. 

At the business meeting held on September 10, the 
President, Mr. W. R, Lysaght, had pleasure in announcing 
that His Majesty the King of the Belgians (Leopold III.) 
has honoured the Institute by accepting nomination as 
Honorary Member. This continues the tradition by which 
H.M. King Leopold IT. (1874-1909) and H.M. King Albert 
I. (1913-1934) had been Honorary Members of the Institute 
Monsieur Léon Greiner, Director and General Manager 
of the Sec. Anon. John Cockerill, Liege, and Monsieur 
Aloyse Meyer, General Manager of ARBED, Luxemburg, 
have been nominated Honorary Vice-Presidents of the 
Institute. These gentlemen are acting as Presidents of 
the Reception Committees which have been formed in 
Belgium and Luxemburg to arrange for the entertainment 
of the Members of the Institute now visiting those countries. 

It was also announced that the Council were proposing 
Sir Harold Carpenter, F.R.S., for election as President at 
the Annual Meeting of the Institute in May, 1935, and that 
they had elected Mr. James Henderson, Deputy Chairman 
and General Manager of the Appleby Iron Company, 
Ltd., and of the Frodingham Iron and Steel Company, 
Ltd., and President of the British Iron and Steel Federation, 
to be Honorary Treasurer of the Institute in succession to 
Sir Harold Carpenter, who is resigning at the end of 
September. 


The Behaviour of Metals at Elevated Temperatures. 

Presented on behalf of the Belgian Research Committee 
by Prof. H. Dustin, this paper gives some results on the 
behaviour of metals at elevated temperatures obtained 
during a research campaign over a period of two years up 
to January, 1934. In 1932 and 1933 the Comité Belge, 
amongst their other activities, put in hand an investigation 
on comparative lines of the different methods suggested for 
the study and appraisal of steels in the hot state. These 
investigations showed the necessity for tests extending 
over a long period (1,000 hr. and more). This paper 
recapitulates the chief observations which led to this 





conclusion. Thus, the short experience of the Comité 
Belge links up with the much longer experience of the 
National Physical Laboratory and the recent experience 
of the American Committee. 

The definition of * limiting creep stress * adopted as a 
criterion of the strength at high temperatures requires 
amplification as indicated. The determination of the 
limiting creep stress, which is a very long operation, is only 
made for a limited number of steels taken as “ prototypes,” 
Acceptance tests are carried out by comparison with these 
prototypes comparatively rapid methods, which are 
described, are used. To carry out long-period tests 
systematically, it was necessary to devise special apparatus, 
presenting various interesting features, particularly the 

. . . ry ° 
photo-electric regulation of the temperature. This ap- 
paratus is briefly described. 


The Chemical Resistance of Various Special Steels. 

The chemical corrosion of metallic alloys, especially the 
corrosion of special steels, has been the subject of many 
recent researches. In view of the two principal applications 
of these materials (chemical and heat-resisting), these 
investigations have followed along two chief directions : 
the resistance to the attack of various liquids, especially 
acids, at ordinary temperatures; and the resistance to 
gaseous attack, especially by oxidising agents and 
sulphurous gases, at high temperatures. The results show 
evidence of the complexity of the problem and of the 
apparently diverse methods of solution that it has required. 
The conditions under which corrosion occurs in each case 
are so different as to suggest that the essential factors are 
also different, thus: electro-chemical action, which is of 
primary importance in the case of dilute solutions is of 
secondary importance in the case of pure and dry gases ; 
solid diffusion, very sight at ordinary temperatures, is of 
importance at elevated temperatures. 

In the study discussed in this paper by Prof. A. M. 
Portevin, M. E. Prétet, and M. H. Jolivet, the intention 
has been to carry out a general analysis of corrosion 
phenomena, and to utilise methods of examination and 
control which will enable general conclusions to be drawn, 
rather than to add to the already extensive literature 
concerning the stainless steels. The investigation consists 
of two sections ; the first part is concerned with the resis- 
tance of certain ferritic alloys to oxidation, and the second 
part with the resistance of special austenitic alloys to 
attack by hydrochloric acid. 

The study of the oxidation of special steels at high 
temperatures which has led the investigators to the develop- 
ment of a continuous method of testing, has shown on the 
one hand the predominating influence of the rate of oxygen 
diffusion, and also the importance of the relative rates of 
diffusion of iron and the alloying elements. Investigation 
of the corrosion of austenitic steels by hydrochloric acid 
has shown the predominating importance of the con- 
centration of the solid solution, and has led to the examina- 
tion of precipitation phenomena, which in turn have shown 
important changes of this concentration with temperature, 


Accelerated Cracking of Mild Steel (Boiler Plate) 
Under Repeated Bending. Part II. 


In the series of tests by the late Dr. W. Rosenhain, F.R.S.> 
and Mr. A. J. Murphby,' bars cut from a boiler-plate steel 
and from a cold-rolled mild-steel strip were bent in alternate 
directions while immersed in various media such as air, 
tap-water, brine, and sodium hydrate solution. The bars 





1 Journal of the Iron and Steel Institute, 1931, No. 1. p. 259. 
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were bent at regular intervals of time by a load which 
produced a permanent set in the material. The endurance 
of the samples (expressed as the number of deflections 
required to produce rupture) was determined. The grearest 
reduction in the number of alterations from the standard 
number based on air tests at atmospheric temperature was 
noted in the case of specimens bent in tap-water. These 
tests required 37°% fewer bends than had been required 
in the air tests. Full reduction in the number of alterations 
was noted when the interval between successive bends was 
24 hours. The earlier experiments did not show that there 
was any evidence of intercrystalline fracture, whether 
specimens were ruptured in air, tap-water or caustic soda, 

The work reported in the present paper by Dr. C. H. M. 
Jenkins and Mr. W. J. West, which was partly suggested 
by the authors of the previous paper, is confined, first, to 
further tests at room temperature, and, secondly, to an 
examination of similarly bent specimens at higher tem- 
peratures, namely, 100°C., and in air at 200°C. The 
results of the experiments indicate that, at air temperature, 
resting between successive bending and corroding periods 
brings about a recovery in the number of deflections. The 
present tests again confirm the general results of the 
previous room-temperature tests. In this connection the 
previous paper stated that “ [t is clear that approximately 
one-half of the reduction in endurance which results from 
continuous immersion in water is to be attributed to some 
action of the water during actual deformation.” 

The effect of increasing the temperature of testing leads 
to a general reduction in the number of bends required to 
produce fracture, but there is no appreciable difference in 
the numerical values of experiments at 100° C. if the bending 
is in air, tap-water or caustic soda solution, although in the 
latter reagent the type of corrosion is not similar to that 
occurring in tap-water. In all cases the reduction in the 
number of deflecticns is about equal to that formerly noted 
as a result of 24-hour exposure to tap-water at atmospheric 
temperature. The conditions of bending have not been 
such as to produce ** caustic cracking ” in the caustic soda 
solutions. 

No evidence was obtained that a voluminous corrosion 
product is formed within the cracks. Experiments in tap- 
water indicated that a loose flocculent deposit of red oxide 
of iron was formed in the solution surrounding the specimen ; 
probably this deposit was an oxidation product of ferrous 
hydroxide. Tests in caustic soda at 100° C. showed that the 
surface of specimens became coated with a black oxide of 
iron which was strongly magnetic. 


Some Aspects of the Fatigue Properties of Patented 
Steel Wire. 

The results recorded in this paper by Mr. E. T. Gill and 
Dr. R. Goodacre, have been obtained recently from a 
series of tests carried out in Brunton’s Research Laboratory. 
The objects of the research, briefly were, the investigation 
of the effect of the carbon content on the fatigue properties 
of patented steel wire ; to find whether the limiting fatigue 
stress could be used as a factor for determining the point 
where wire becomes overdrawn; the comparison of 
decarburised wires with wires drawn free from decarburisa- 
tion ; and the effect of surface conditions ; investigation 
of the endurance properties of wires at stresses above the 
fatigue limit ; and possible correlation of fatigue with other 
physical properties. 

The data recorded have been obtained with a new 
machine designed by Prof. Haigh and Mr. Robertson, of 
the Royal Naval College, Greenwich, a brief description of 
which is givenin this paper. As aresult of this research, the 
authors conclude that the effect of the carbon content is 
completely obscured by the effect of the decarburised 
surface, especially for the higher-percentage reductions. 
In the absence of a decarburised skin there is an increase in 
the fatigue limit with increasing carbon content, but this is 
not of the same order as the corresponding increase in the 
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tensile strength. The properties of wire in bending fatigue 
are chiefly the properties of the surface. 

Further evidence is given of the great importance of the 
surface condition, especially for spring wire. Very good 
agreement is obtained with published results for the 
torsional fatigue of polished wires. Under certain conditions 
the fatigue properties give an indication of overdrawing, 
but no generalisation is possible at present. The existence 
of critical conditions in the endurance properties of wire at 
high stresses suggests a possible explanation of early and 
unexpected failures in ropes and cables. Although the 
fatigue limit of wire free from decarburisation is higher 
than that of the corresponding decarburised wire, the 
endurance at higher stresses is probably less. Hence, it is 
important to have some knowledge of the service conditions 
and the likely stresses involved before the best material 
for the purpose can be advised. There is no apparent 
connection between the fatigue and other physical pro- 
perties of wire, except in the case of the reverse-bend test. 
This, however, is only qualitative. 


The Influence of Silicon and Aluminium on the 

Resistance of Cast Iron to High Temperatures. 

On examining the action of silicon and aluminium 
employed as added elements to cast iron, it is observed 
that these elements are primarily more readily oxidised 
than iron, and secondly, the products of their reactions 
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with the hearth gases are stable and strongly adherent ; 
that they cause graphitisation on solidification, producing 
the stable condition of the iron—ferrite-graphite—when 
they are added in suitable proportions; and that they 
raise the anomaly of expansion of cast iron, proportionately 
to the quantity dissolved, and that given correct quantities 
they can raise it sufficiently to render it no longer trouble- 
some. 

These two metals, therefore, fulfil exactly the conditions 
which retard the destruction of cast iron when subjected 
to high temperatures, and this discovery decided Prof. 
M. H. Thyssen, the author of this paper, and his colleagues 
in 1931, to undertake a methodical study of the system 
iron-silicon-aluminium in relation to resistance to high 
temperatures. From a glance at the ternary diagram 
reproduced from this paper, it will be seen that the number 
of alloys studied is not large, but the results do provide a 
most useful guide for those who contemplate undertaking 
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further work in the field of irons resistant to high tem- 
peratures. They may be summarised as follows :— 

The theoretical deductions which prompted this research 
are entirely confirmed by experience. It has, in fact, been 
discovered that the addition either of silicon or of aluminium 
or of these two elements combined in quantities sufficient 
to produce irons of ferritic structure and with the trans- 
formation point above the temperature to which they may 
be heated, completely nullifies the two causes of destruction 
—corrosion and growth—or at least weakens them very 
considerably. , 

The results derived are of interest, because if an iron is 
such that it has a very narrow freezing range, it is by a 
judicious choice of the contents of silicon, aluminium, 
carbon and manganese that this result is obtained. It will 
have been observed in the course of this work that all the 
interesting irons are found around the eutectic line, and in 
no case were they hypereutectic. This is considered to be 
very important, but it lies beyond the programme of this 
research. The author believes in fact that for most of the 
results likely to be aimed at by the foundryman in working 
his metal, it is necessary to approach as closely as possible 
to the alloy with the minimum solidification range, while 
avoiding carefully the hypereutectic zone. By doing so, he 
obtains first maximum fluidity, and beyond this he sup- 
presses or greatly modifies the more serious foundry defects 
and produces sound work much more easily. The necessity 
of keeping in the neighbourhood of the minimum solidifica- 
tion interval need not alarm the foundryman. The deter- 


mination of fluidity provides an easy and certain way of 


verifying if the alloy responds well to this exigency. 

In this research the transformation point has been raised 
and stable equilibrium has been attained by three different 
means : (i) By the addition of silicon, (ii) by the addition of 
aluminium, and (iii) by the simultaneous addition of silicon 
and aluminium, to an ordinary foundry iron. It is seen that 
these three methods provide a means of preventing the 
destruction of ordinary irons by heat. However, these three 
means give very different results. The second solution is 
the least successful, because the mechanical properties of 
such irons are not acceptable. Both the other solutions have 
advantages. The first possesses simplicity in application 
and a reduced cost ; the third produces irons with enhanced 
mechanical properties and resistance to destruction. The 
addition of aluminium is not popular with foundrymen 
generally, because it demands considerable experience, and 
often produces much slag with a loss of aluminium ; and 
sometimes it means working very viscous alloys, principally 
when the melt is not hot enough. It may be said without 
hesitation, however, that the alloys with narrow solidifica- 
tion ranges which have been made were fluid enough to 
enable the small test-pieces demanded for the Chévenard 
tests to be cast. The aluminium irons, however, have the 
drawback of very viscous slag if remelted without special 
precautions. 

Rolling Milling Flexibility and its Technical 
Realisation. 

In this comprehensive paper Mr. Geo. A. V. Russell points 
out how, under the economic conditions which may be 
expected to prevail in the older or already more highly 
developed industrial centres of Europe, and possibly also 
in the States, the employment of rolling-mill plant having 
a high degree of flexibility will result, all other factors being 
equal, in the capital invested in such productive equipment 
earning a higher return over the period of its economic life 
than when too great specialisation of function has been 
sought. Similarly, the circumstances, both economic and 
political, which have brought about and are continuing to 
encourage the spread of steel production to localities remote 
from the older-established ones are also such as to render 
flexibility in the rolling facilities of great commercial im- 
portance, 

An analysis of the reasons for the economic significance 
of flexibility makes no pretence to exhaustiveness and is 
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inadequate to establish a logically-complete case, but 
it suffices as the author’s justification for his attempt to 
indicate, from a more technical standpoint, ways in which 
such flexibility may be embodied in the rolling-mill equip- 
ment required for various schemes of production. 

In dealing with the subject, he first considers some of 
the essential major elements making up any ordinary 
rolling-mill plant, such as the drives, transmissions, roll- 
stands with roll mountings, and roll-changing methods, 
conveying and manipulating devices, receiving equipment 
for hot products like cooling beds and coilers, cutting-up 
and disposal facilities, ete., from the standpoint of the 
embodiment of the maximum degree of flexibility. After 
this, the assembly of these elements into complete rolling- 
mill plants for the manufacture of suitably-related groups 
of products for various market conditions is discussed, first 
by consideration of a series of actual installations where the 
principal of flexibility, both in range and product, has been 
a leading determinant in their conception, and secondly, 
with the assistance of a few studies of the author's for 
hypothetical plants where, perhaps, an even fuller ex- 
ploitation of it has been made. These data serve to 
establish a basis for the final portion of the paper, where 
the fundamental principles underlying the design and 
operation of commercially-successfui flexible rolling-mill 
plants are established and the general applicability of such 
plants, both as units and as complete works installations, 
are touched upon. 


The Physical Properties of Iron-Aluminium Alloys. 


Considerable research work has been carried out on the 
iron-aluminium system to which brief reference is made in 
this paper, but during a cursory re-examination of this 
system it was noticed that certain of the aluminium-iron 
alloys had particularly good heat-resisting properties, which 
appeared to merit further investigation, and the results of 
the investigation are recorded by Dr. C. Sykes, and Mr. 
J.W. Bampfylde, in this paper. The materials used to make 
the alloys were either high-quality Swedish iron or con- 
ductor rail for the iron constituent, and high-grade 
aluminium as the second constituent. Test-pieces were 
prepared varying in aluminium content from under 1%, 
to just under 16°, and these were submitted to a wide range 
of tests which have presented results of a very interesting 
character. 

The Properties of Non-Hardenable Alpha-Iron 

Steels. 

The investigation discussed in this paper by Mr. 8. H. 
Rees deals mainly with the effect on the mechanical 
properties, of vanadium, molybdenum and tungsten in 
quantities sufficient to form alloys in which y-iron is not 
stable at any temperature. Some comparative tests have 
also been made on high-silicon and high-phosphorus steels. 
The composition of the materials employed is given in the 
following table :— 


Composition, 
Principal Alloying 


Steel 





No. Element. : P j 

C. % | Si. % Mn. % S. % P. % 
l Silicon, 2-20% 0-09 2-20 0-27 0-041 0-021 
2 Silicon, 3-85% oe ooh ae 3-85 0-05 0-070 0-025 
3 Silicon, 4:70% .. ..| 0°10 1-70 0-09 | <0-01 <0-01 
‘ Phosphorus. 00-51% ..| 0°04 O-O15 | <0-01 0-025 0-51 
5 Tungsten. 6-5° 0-08 O45 0-20 0-053 0-019 
6 Tungsten. 10 0-09 0-03 0-16 0-045 0-025 





7 Molybdenum, 3-95°, 0-09 0-07 0-20 0-048 0-020 
1 Molybdenum, 6-0°% ..| 0-09 0-08 O-26 0-060 O-O25 
2-9% .. ..| O10 O-S4 O-os O-os5 orors 
6-0% .. ..| 0-21 0-72 | 0-06 


ot) Vanadium, 
10 Vanadium, 


* Nickel, not exceeding 0-02% ; chromium, not exceeding 0-02%,. 


Examination of these steels shows that in general the 
non-hardenable a-iron.alloys possess poor elastic properties 
and low yield points. On the other hand, the elongation 
of the alloys just beyond the limit of composition of the 
y range may be good. The addition of a considerably 
greater amount of the alloy element in some instances 
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results in a drastic reduction in elongation. Whether the 
elongation is good or bad, it is nearly always accompanied 
by a low notched-bar impact figure, which may, however, 
attain a high value at raised temperatures. 

The steels cannot be hardened by quenching ; they are in 
some instances-—for instance, in the presence of molybdenum 
—susceptible to temper-hardening, but the only general 
method of improving their properties is by cold-working. 
Cold-rolling, when it can be successfully carried out, im- 
proves the yield-point and maximum load of the steels, 
while subsequent low-temperature heat-treatment raises 
the limit of proportionality very considerably. In this 
way yield-points of well over 40 tons per sq. in. can be 
obtained in the tungsten and molybdenum steels with 
elongations exceeding 20°, but the impact figure remains 
very low, usually two or three ft.-lb. It is only after 
treatment at temperatures like 700° to 800°C., when 
recrystallisation and marked softening have occurred, that 
the notched-bar figure may rise to a high value. In conse- 
quence of the rapid grain-growth associated with treatments 


at higher temperatures, the notched-bar value again falls, if 


the reheating temperature is further raised. 

Thus, for constructional purposes the non-hardenable 
a-iron steels suffer from grave defects in their mechanical 
properties. It is unlikely that they will be used except when 
advantage is to be taken of some special properties which 
particular compositions among this class of material may 
exhibit. 


Influence of Vanadium on Steels. 

The work described in this paper by Mr. H. H. Abram, 
deals with an investigation on the influence of vanadium 
on very low and medium-carbon steels suitable for con- 
structional purposes and particularly with reference to 
its behaviour on tempering. Several series of carbon, 
nickel, chromium, and nickel-chromium steels, containing 
up to about 0-7°% of vanadium were made and examined. 
It is shown that the addition of vanadium causes an 
increase in the hardness of quenched carbon steels and 
steels of low alloy content, such as 0-65°, chromium steels. 
It does not affect the maximum hardness of water-quenched 
alloy steels of higher alloy content, but it has a marked 
influence on the hardness of these steels when they are 
cooled at some slower rate (depending on the composition), 
or when they are tempered within a certain range of temper- 
ing temperature. When steels containing vanadium are 
rapidly cooled from a high temperature and are then re- 
heated at 500° to 700°C., temper-hardening is induced 
to an extent which varies with the composition and 
previous treatment. 

Temper-hardening is shown in the presence of vanadium 
by low-carbon steels, by medium-carbon steels, and to 
varying degrees, by all the alloy steels examined, being 
most pronounced in the nickel and nickel-chromium steels 
containing about 2-6% of nickel. It is favoured by cooling 
from a high initial temperature. In alloy steels containing 
vanadium, a high initial temperature does not increase the 
hardness of the quenched or the very slowly cooled 
specimens, but it influences the hardness of specimens 
cooled at some intermediate rates. In some alloys the air- 
cooled specimens are harder when cooled from a high 
initial temperature ; in others the hardening effect of high 
initial temperature is only observable when a slower rate 
of cooling is employed. 

The hardening is not due to persistence in the formation 
of martensite at these slow rates of cooling, but to the 
partial breakdown of a solid solution which is preserved 
in the super-saturated condition by faster rates of cooling. 
This solid solution is, therefore, present in the more rapidly 
cooled (water-quenched or oil-hardened) material, and can 
be caused to precipitate its dissolved constituent by suitable 
reheating treatments. The hardening effect in the steels 
so treated usually takes the form of an arrest in the normal 
fall of hardness due to tempering; it is not always ac- 
companied by an actual rise in hardness with increase of 





METALLURGIA 151 


tempering temperature. When the solid solution is retained 
after air-cooling, neither the initial hardness nor the fall 
in hardness on tempering is so great, and the hardening 
effect of precipitation is, therefore, more obvious. 

Although the temper-hardening of vanadium steels can 
induce high tensile strength in the material, it has a 
deleterious effect on the impact figure, particularly in 
carbon-vanadium steels and steels of low alloy content. 
An unduly marked fall in the impact figure is a common 
result of age-hardening and temper-hardening, both in 
steels and in non-ferrous alloys. The effect is also evident 
in nickel-chromium-vanadium steels, but, possibly on 
account of the tougher nature of the ground-mass, the 
impact figures reached are not so low. The grain-size of 
these steels quenched from a high temperature was not 
excessive, and in the absence of vanadium the steels 
suffered no bad effects from this treatment; hence, the 
fall in impact figure obtained on treating the corresponding 
steels containing vanadium, after quenching from a high 
temperature, was due to the temper-hardening which had 
occurred. 

In order to obtain the full effect of temper-hardening, it 
is not necessary to exceed 0-35 or 0-4°% of vanadium in 
any of the alloys examined. A further increase in vanadium 
had not advantageous effect on the properties of the steel. 
In practice, less than 0+3°% of vanadium is usually employed 
and the extent to which the properties of commercial 
vanadium steels are affected by temper-hardening, and the 
conditions of initial temperature, rate of cooling and time 
and temperature of tempering which are required to reveal 
the effect, have not been investigated. It is clear, how- 
ever, from many published results, as well as from examples 
referred to in this paper, that temper-hardening may occur 
in steels with as little as 0-15 or 0-2% of vanadium. 


The Blistering of Iron Oxide Scales. 

In works practice, blistering of the scale during the 
reheating of steel for rolling into sheets may have a 
deleterious effect on the final product. It is found that 
trouble is more frequently encountered in the reheating 
of single sheets, especially if a sheet is removed from the 
furnace and subsequently replaced, or if the furnace 
atmosphere is allowed to become strongly oxidising in 
character. It was found that in a range of temperature 
between 850°C. and 1,050°C. the oxide surface was 
irregular owing to blistering of the steel and the variations 
in the rate-of-oxidation results were attributable to the 
protective influence of blisters. The investigation described 
in this paper by Mr. R. Griffiths was carried out in order 
to throw further light on the cause and prevention of this 
scale blistering, and also to ascertain conditions for the 
formation of a non-adherent scale. 

It is shown that the presence of an inert gas is necessary 
for the blistering to take place to any extent. The presence 
of water vapour in sufficient amounts in the oxidising 
atmosphere prevents blistering. By the addition of steam 
to oxygen or air, under certain conditions, the surface of 
the iron or steel, after removal of the scale, is clean and 
free from oxide. The composition of the base material, the 
condition of the oxide envelope, and the rates of heating 
and cooling govern the conditions for the formation of a 
non-adherent scale. 





—~-— 


The Composition of Martensite. 

The investigations reported in this paper by Mr. Gunnar 
Hiigg were begun in order to furnish more material for the 
discussion of the existence of 8-martensite. They form part 
of a wider study on the annealing of steel published in 
Jernkontorets Annaler, 1934, vol. 118, p. 173. The dis- 
cussion arising from X-ray studies on martensite shows that 
when tetragonal martensite is annealed its carbon content 
diminishes, causing a decrease in the tetragonal deformation 
and the unit dimensions. Cubic martensite (8-martensite), 
accepted by Honda and others, seems not to exist. The 
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structural element described as cubic martensite probably 
consists of tetragonal martensite in which the tetragonal 
symmetry is not observable owing to low carbon content. 
The speed of the reduction of the carbon content during 
annealing has been studied in different martensites at 
different temperatures. The loss of carbon during a given 
time is greater the higher the carbon content, and, con- 
sequently, the reaction velocity diminishes as the annealing 
proceeds. Attempts to explain the reaction mechanism 
theoretically have not been successful. For martensites 
containing much carbon, the loss of carbon is quite marked 
at room temperature, and the velocity of this process 
increases rapidly when the temperature is raised. In steels 
which have already been normally annealed, the carbon 
content of the martensite is so low that no reaction can be 
detected by X-ray methods at room temperature. 


- 4 


Influence of Diffusing Elements upon the Alpha- 
Gamma Inversion of Iron. 


In this paper Dr. W. D. Jones discusses a study of the 
diffusion of various elements into iron. The elements which 
diffuse into iron are classified according to their capacity 
to inhibit or extend the y modification. The mode of 
diffusion of these two classes of elements above and below 
the A, point is explained. Microscopical observations upon 
diffusion structures provide a means of fixing the limits 
of the y loop. Using this method, the y loops in the 
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systems iron-arsenic, iron-antimony, and iron-zine have 
been fixed at 3}, 4} and 173%, respectively, at a tempera- 
ture of 1,150°C. A relationship is suggested between the 
influence of an element upon the a-y inversion and its heat 
of oxidation. 


The Constitution of Iron-Rich Fe-Al-C. Alloys. 

The nature of the phases present in the Fe-Al-C 
system has not been definitely established in previous 
investigations performed mainly with microscopic methods, 
and it seemed desirable that it should be more thoroughly 
investigated. The results of such a study are discussed by 
Mr. F. R. Morral, in which it is shown that the following 
phases have been found in the iron-rich Fe-Al-C. alloys. 

(a) a-Fe solid solution with random atomic distribution, 
or with super-structures corresponding to Fe,Al or FeAl 
in accordance with the statements of Bradley and Jay. 

(6) Austenite containing some aluminium and carbon ; 
the latter may reach 1+5°% at 1,000° C., and 6% aluminium. 

(c) A hard and brittle ferro-magnetic phase ¢, in which 
the metal atoms are arranged in a cubic lattice with four 
atoms in the unit cell. The aluminium atoms occupy the 
corners of the elementary cube and the iron atoms the centres 
of its faces. Its metal composition thus corresponds to 
Fe,Al, but it contains also about 4°% of carbon. 

A tentative diagram of the iron-rich corner of the 
Fe-Al-C. system is given. 


BOILER DRUM FORGINGS 


Large Orders for a Sheffield firm 


ACH succeeding year sees an increasing demand for 
large, hollow-forged steel pressure vessels for use in 
power plants, chemical and oil engineering purposes. 

The large size of the forgings frequently required is sufficient 
in itself to make the production of these vessels noteworthy 
from the engineering point of view, whilst the very complex 
investigations necessary to determine correct methods of 
design and the most suitable materials are of considerable 
importance. Much investigatory work of this character 
has been accomplished at the Vickers Works of the English 
Steel Corporation, Ltd., and, in addition to hollow-forged 
pressure vessels of various sizes and types, large quantities 
of forged drums for high-pressure boilers have been pro- 
duced by this company. The most recent, and one of the 
largest orders of this kind which has ever come to Sheffield, 
has been received by the English Steel Corporaticn from 
the International Combustion, Ltd., Aldwych, London. 

The order, the total value of which is well over £60,000, 
includes the supply of the boiler drums, etce., required in 
connection with the important extension, to be carried out 
at the Hams Hall Power Station of the Birmingham 
Corporation, the North Wilford Power Station of the 
Nottingham Corporation, and the generating station of 
Leicester. In all there will be 39 boiler drums, steam 
receivers, etc., ranging from 14 to 38 ft. in length, and two 
to 41 tons finished weight for which ingots up to 120 tons 
in weight will be required. 

It will be remembered that the board of the English 
Steel Corporation Limited, having confidence in a revival 
of trade, undertook, as a part of their scheme of recon- 
struction, the rebuilding and re-equipment of their medium 
and heavy forges. This work is practically complete, and 
the Corporation shortly will be in possession of a heavy 
forge capable of efficiently and economically coping with 
any demand for heavy forgings which may be made upon 
it. 

It must be very encouraging to the directors to find that 
their decision to prepare for such a revival of trade is 


justified in this manner, and particularly so when the 
re-equipped and up-to-date plant is available just when it 
is required. It is a source of considerable pride to them to 
have been entrusted with the order for the above- 
mentioned important undertakings, following on, as it does, 
the orders which they have just completed for the Fulham, 
Swansea and Brighton power stations. This means that 
the English Steel Corporation Limited will have supplied 





Manipulating a hollow forging at the Vickers Works. 


boiler drums for six of the largest power stations in the 
country. 

These huge boiler drums, which are forged in one piece, 
necessitate special plant, and can only be manufactured 
by firms with years of experience in the forging of such 
heavy masses. The English Steel Corporation Limited 
have been manufactiiring heavy forgings regularly over 
very many years, and, as a result, their authority in this 
class of work is recognised throughout the world. 
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Periodic Fluctuations in Metal 


By E. G. Herbert, B.Sc., M.I.Mech.E 


Further work on periodic hardness fluctuations induced in metals by mechanical, thermal, 


and magnetic disturbances, which was presented by Mr. E. 


the recent meeting of the British Association at 


FTER briefly reviewing his previous work on this 
subject, most of which has appeared in the columns 
of Metallurgia, and particularly his experiments 
with pure iron, nickel, and gold' the author said that two 
principal questions were raised by these experimental 
results. Firstly, what was the nature of the fluctuation ? 
This question he was content to leave to the physicists, 
merely remarking that the fluctuations, whether induced 
by mechanical deformation, by heat, or by magnetism, 























e Fig. 1 -Autographic apparatus for recording 
ageing changes in metals. 
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appeared to be similar in character, and had this in com- 
mon, that they were all susceptible to the stabilising 
influence of a strong magnetic field, Rightly or wrongly, 
he had attributed them to fluctuations in the force of 
cohesion. 

Secondly, what fundamental property of metal was 
involved ? The fluctuations had manifested themselves as 
changes of hardness, but hardness was a complex property 
difficult to define. It was generally taken to be resistance 
to mechanical deformation, but deformations were of 
different kinds, particularly elastic, and plastic, and the 
definition of hardness would depend partly on the means 
used to measure it. In tests of the Brinell type hardness 


Deflection x 3550- 


Deflection x 650 


G. Herbert in a paper before 


Aberdeen, might lead to results of direct utility. 


The method adopted was that of supporting the specimen, 
in the form of a rod or wire, on two knife edges, loading it 
as a beam, and making an autographic record of the 
deflection during a period of ageing. The apparatus is 
shown diagrammatically in Fig. 1, in which the specimen A 
is supported on knife edges BB, and loaded within its 
elastic limit with a weight C suspended from a cross-bar D, 
and from the specimen at two points E E equidistant from 
the knife edges. The centre of the specimen is connected 
by a link bar F, pivoted on knife edges G with a deflecto- 
meter H provided with a tilting mirror J. The deflecto- 
meter is frictionless, and its sensitivity can be varied. 
A source of light K throws the image of a cross wire M on 
to the mirror, and thence by reflection to the autographic 
camera N. This comprises a semi-cylindrical lens graduated 
in millimetres, a narrow slit, and a drum covered with 
photographic paper and driven by clockwork P, so as to 
make one rotation in 60 hours. A cross shaped shield Q 
driven by clockwork R makes one revolution per hour, 
and obstructs the beam of light at quarter-hourly intervals, 
so as to produce a time scale of unexposed lines on the 
record, 

Experiments were made with a hard-drawn steel wire 
0°16in. diameter of 70 tons tensile, whose reaction to 
magnetic treatment was known. A length of this wire 
(25 em.) was kept under load and under observation with 
frequent records for many weeks, and although 16 months 
had elapsed since it was drawn, and it had not received 
any subsequent treatment except straightening from the 
coil, it was found to be in a constant state of fluctuation. 
In some cases the fluctuations were relatively rapid, as 
in Fig. 2, where eight hours elapsed between a minimum 
and the succeeding maximum. (At 3} hrs. the recording 
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Figs..2 and 3—Elastic fluctuations in steel wire. 


was measured by plastic deformation remaining ‘after 
removal of the load. Elastic deformation was ignored. 
Tests with the pendulum were necessarily made under 
load, and the readings might be affected by either elastic 
or plastic resistance or both. As there was reason to believe 
that these phenomena were mainly changes in the elastic 
properties of metals, an attempt had been made to cor- 
relate changes of “ hardness ”’ with such changes as might 
occur in the purely elastic properties. 


1 Metallurgia, November, 1933, 


line ran off the paper, and was brought back by a zero 
adjustment.) In other cases they were slower as in Fig. 3, 
where a maximum occurred at 27 hrs., and was followed 
by a minimum 49 hrs. later on another record, 

Further experiments were made with a rod of pure 
nickel (99-971°) 5 mm. diameter, which had been drawn 
three years previously, and had not been treated in any 
way. This specimen also was found to be constantly 
fluctuating during a period of observation of several weeks, 
The fluctuations could scarcely be attributed to the drawing 
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operation three years previously. They were unrelated to 
changes of temperature, which was carefully recorded 
during every experiment, and they were not due to any 
mechanical interference, the apparatus being effectively 
insulated from vibration. 

It was suspected that the specimen was being influenced 
by stray fields from some of the electricity supply services, 
or by electro-magnetic radiations of some kind, and 
experiments were instituted to test this theory. A 
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If the experiments were able to throw light on some of 
the unexplained anomalies in the behaviour of materials, 
which came within the experience of most engineers, they 
would serve a useful purpose. They might, for instance, 
explain the results of Hengstenberg?, who found hardness 
fluctuations occurring in stcel specimens which had only 
been heat-treated nine years previously. . 
In two directions they might lead to results of direct 
utility. It seemed possible that by applying certain 
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demagnetiser emitting an alternating magnetic field was 
held a few inches from the specimen, in situ on the knife 
edges, for five minutes only, and the record Fig. 4 was 
then made. The amplitude of the fluctuations was such 
that the recording line ran off the paper, and it was brought 
back by a recorded adjustment of the zero. The curve 
reconstructed from the autographic record has been drawn 
below it. During this record the specimen was exposed 
to any stray fields that might be present, and their influence 
is not excluded, 

The specimen was then completely enclosed in thick 
iron shields, which surrounded without touching it, and the 
record Fig. 5 was made. This was the first record in which 
fluctuations were almost entirely absent. 

Fig. 6 was made from the same specimen, magnetically 
disturbed and then shielded from stray fields. It shows a 
well-marked periodic fluctuation. Further records were 
made after quenching the nickel from €00° C., and these 
showed similar periodic fluctuations. 

The deflection of a beam loaded within its elastic limit is 
a measure of the modulus of elasticity. If the modulus 
fluctuates, so will the deflection. Is the converse true ? 
No other explanation being at present available, the 
experiments point to the conclusions, that 

1. The modulus of elasticity is not a stable property, 
but is liable to fluctuate. 

2. The fluctuations are periodic in character. 

3. They can be induced by suitable magnetic or thermal 
disturbance, and may be caused by the action of stray 
fields whose character has not been identified, but 
which can be intercepted by shielding the specimen. 

In concluding, the speaker hoped that these phenomena 
would receive the attention of physicists, who might 
furnish him with a working hypothesis to guide him in his 
further experiments. 


To engineers, the results might, at first sight, seem dis- 
concerting, but they need not be regarded in this light. 





Fig. 5—Nickel Elastic modulus of shielded specimen. 
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Fig. 6—Nickel Periolic fluctuation: after magnetic 


disturbance. 


treatments metals might be rendered immune to these 
disturbing influences. There was evidence, too, that by a 
suitable application of magnetic disturbance and stabilisa- 
tion, properties of a new and valuable character might be 
conferred. 


2** Hardness Fluctuations in Hardened Steel.” Metallurgia, May, 1933, 


The World’s Richest Gold Mine. 

For 60 years the world’s richest gold mine, the Pioneer 
Mine, in British Columbia, lay unnoticed in a well-known 
gold area, neglected by prospectors and engineers alike. 
Similarly, in the midst of the famous Cariboo placer gold 
field lay gold veins in the solid rock that did not attract 
the attention of the placer miners, who had eyes only for 
loose gold in the gravels. The Pioneer and the adjoining 
Bralorne mines in the Bridge River district, and the 
Cariboo Gold Quartz Mine 150 miles to the north, are now 
the principal source of British Columbia’s expanding gold 
production. 

These gold mines and others in British Columbia, as well 
as the promising gold areas or round about them, are dis- 
cussed in the August Bulletin of the Canadian Institute of 
Mining and Metallurgy in a paper by Dr. Victor Dolmage, 
of Vancouver. As a former officer of the Geological Survey 
of Canada, Dr. Dolmage gained a wide knowledge and a 
balanced view of the province's gold areas, and these he 
has employed in composing the present summary of their 
features. From the evidence thus adduced, one can con- 
clude that lode mining of gold in British Columbia is now 
only well started, and-that in time it will become even 
more important than the placer gold mining of the famous 
old Cariboo and other placer fields of the province. 
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The Backbone of the Mining Industry 


By G. G. Ommanney. 


In addition to prospectors, geologists, and metallurgists, the railways have played an 


important part in the development and expansion of Canada’s mining industry. 


Th y 


have done more than act as giant prospectors disclosing the presence of ores during 
building, as their record has been one of continuous and practical co-operation in 
the advance of the industry. 


ITIZENS of Canada feel, and often express, a 
C justifiable pride in the growth of their country’s 

world importance as a producer of minerals. 
Whether we consider the general growth in quantity and 
value of production, which have been both rapid and 
impressive, or whether we point to the outstanding 
position to which Canada has attained in the world pro- 
duction of such minerals as nickel, gold, lead, asbestos, or 
whether we consider the advance which has been made 
in metallurgical practice and in the establishment of 
Canadian plants for smelting and refining ores and metals, 
we can find ample grounds for such satisfaction and pride. 


Labine Point, where Gilbert 
I ahine beached his canoe to 
establish the fact that Canada 
could, in addition to her other 
vast mineral wealth, add pitch- 
blende in deposits rich enough 
to. warrant the Dominion Gov- 
ernment constructing a radium 
refinery in Ontario. 

The: illustration shows the 
first sératch or rough develop- 
ment, the vein running into 
the left background towards the 
points of land. At the present 
moment the whole area has 
not only been staked, but mills 
have been established, and El 
dorado, Labine’s mine, is also 
producing a heavy yield in 
silver. 


Let us take just a few outstanding facts to illustrate. 
In 1886, less than half a century ago, Canada’s mineral 
production amounted to little over 10 million dollars in a 
year, in 1929 it attained a peak of over 310 millions of 
dollars, from which figure there has since been some 
recession due to world conditions, the value of the output 
for 1933 having been some 220} million. Omitting clay 
product3, sand, gravel, building stones and slates, Canada 
produces 16 different metallic minerals, 24 non-metallic 
or industrial minerals, besides coal, peat, oil and natural 

as. 

Gold, of which metal Canada is now the second largest 
producer, attained a peak in 1932 of 3,044,387 fine oz., but 
a record for value in 1933, in Canadian funds, of $84,301 ,875. 
Canada’s record production of lead, in which she ranks 
third among world producers, was in 1928, with a total of 
338 million Ib., whilst the present highest for nickel is 
103? million Ib. in 1930. 

Smelting and refining plants have more than kept pace 
with the growth of the industry, and their capacity 
provides for the further expansion of the industry. 
Mr. R. W. Brigstocke, the well-known consulting mining 
engineer, in 1932 presented a valuable paper on Canada’s 
metal-refining facilities to the Canadian Institute of Mining 





® Development Commissioner, Canadian Pacific Railway. 





and Metallurgy, and in that paper he gave the annual 
capacity of Canada’s refining plants as follows : 


Copper 6s @4 -e0 210,000 tons. 
Lead se ee “6s we ee “eee 
Zine 2. ee ae lle ee 
eae ee ee 90,000 ,, 


Gold-refining capacity is understood to be about in line 
with present requirements of production, and can readily 
be increased. 

In taking stock of such general figures as have been 
quoted, and in regarding the vast national wealth that has 
been derived from the mineral resources of the country, 





popular imagination is apt to attribute to the prospeetor 
the lion’s share of the credit for these accomplishments. 
The prospector, working under conditions, often of great 
difficulty and some hardships, and generally in places more 
or less remote from the convenience of civilisation, is 
deserving of every credit, and of greater reward than he 


sometimes obtains. But credit must also be accorded to 
the geologist whose work often has directed the prospector’s 
efforts to the right localities. In turn, the work of the 
prospector could accomplish but little without the wonderful 
discoveries and scientific attainments of the metallurgist. 
Here, in Canada, we have notable cases of vast ore bodies 
discovered by the prospector which lay idle and unused 
for many years until the research work of the metallurgist 
solved the problem of how the values in the ores could be 
economically recovered. The great ore deposits of the 
Sullivan lead-zine mine in British Columbia constitute an 
outstanding example. In the same way, we may carry the 
situation on, and point out that the metallurgist would 
have but little ore to treat, without the skill of the mining 
engineer and the miner. 

But, in addition to all of these, there is another important 
agency, in the development and expansion of our mining 
industry which has played a vital part in that development 
not always so readily recognised, That agency is trans- 

















portation. In the army of prospectors to whom we have 
already paid tribute, the pioneers of transportation must 
be included. It may take many forms. The waterway, 
the portage, and the trail, later the road, the wagon, the 
tractor and motor-truck. 


Railways Essential to Expansion. 

Within more recent years the aeroplane has become the 
pioneer of transportation. But, broadly speaking, mining 
development cannot obtain its full expansion without the 
aid of the steam railway. Although it may be claimed that 
the mining history of Canada had its birth in about 1670, 
and although copper, lead and iron ores, as well as coal, 
were mined on a small scale before 1750, and although, 
about 100 years later, the great placer gold rush in British 
Columbia produced the epic story of the old Forty-Niners 
and the Cariboo trail, in spite of the fact that the wonderful 
geological work of Logan and his associates between 1843 
and 1863 laid the foundation of much mineral development 
in Eastern Canada, still the indisputable fact remains that 
the advent of the first steam railways to the west and north 
countries brought with it the start of the real prospecting, 
discoveries and development of Canada’s mineral wealth. 
We have the following statement on no less an authority 
than Dr. John A. Allan, quoting from his presidential 
address to the Canadian Institute of Mining and Metallurgy 
in 1933, “‘ The completion in 1885, of the Canadian Pacific 
Railway as the first trans-Continental line, marks possibly 
the most outstanding milestone in the mining history.” 
True it is that, under some exceptional circumstances, 
wonderful feats of transportation have been accomplished 
without the aid of railways in the development of outlying 
mining properties. Developments in Great Bear Lake of 
the silver and pitchblende radium ores is an example of 
where equipment and supplies have been brought in and 
ore carried out over great distance through the combined 
use of the aeroplane and waterways. But, in this case, the 
ore referred to contained a product (radium) of exceptional 
value, requiring for its recovery large quantities of 
marerials not available in the proximity of the deposits, 
and exceptionally favourable facilities for water trans- 
portation are available. 

In Dutch Guinea a complete cyaniding plant was carried 
into an inaccessible goldfield located in mountainous 
bush country populated by savage tribes of cannibals. 
But here again the ore carried unusually high values, and no 
other form of transportation was practicable. It follows 
that every added cent of transportation costs in bringing 
in materials and supplies to a mining plant, or in hauling 
out ores, concentrates, or metals, means that ore reserves 
in the property are reduced by a certain tcnnage which, 
because it cannot be mined and treated at a profit, cannot 
be classified as ore. The materials and supplies needed in 
mining and metallurgical plants are generally heavy 
commodities involving the movement of large tonnages, 
and, as a rule, so are the outgoing products: Heavy 
machinery, including crushing plants, pulverising mills, 
hoists, compressors, boilers, etc., large quantities of lime- 
stone, silica, coal, coke, chemicals, and stores must be 
delivered, heavy ores, concentrates, matte, etc., must be 
hauled out. No form of transportation, yet developed, 
can perform these tasks as economically, as efficiently, and 
as regularly as the steam railway. It is therefore of interest 
to explore a little further the record of Canada’s railways 
in their relation to mining. 

The subject is of particular interest to our gold camps 
of northern Ontario, because in a special sense they owe 
their origin to the prospecting value of a railway in opening 
up new country. The Temiskaming and Northern Ontario 
Railway, built primarily from political considerations and 
as a colonization and land settlement proposition, has 
been credited with the epoch-making discovery of the 
silver-cobalt ores of the Cobalt district. A. A. Cole, mining 
engineer of that railway, writes in the Canadian Geo- 
graphical Journal, “ railroad construction men uncovered 
the first silver at Cobalt in the late autumn of 1903, and 
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from that time till the end of 1931, production was main- 
tained at the average rate of 1} tons of pure silver for 
every working day with a total silver value of $280,000,000. 

The development of Kirkland Lake and Porcupine have 
been intimately connected with the service given by that 
railway and its branches, the famous mines of the first- 
named camp being for many years under a handicap until 
the railway branch eastward from Swastika was built to 
serve them directly. The Hon. Charles McGrea, Minister of 
Mines of Ontario, speaking at a banquet recently given in 
his honour by the mining men of Toronto, said that over 
the lines of the Temiskaming and Northern Ontario 
Railway gold and silver to the value of $750,CC0,C00: have 
been brought out of the north. 

Several years before the construction of this Ontario 
railway, other railways had done their part in disclosing 
the mining resource of newly-opened-up country. The 
writer recently had occasion to look up some of the earliest 
reports of the meetings of the directors of the Canadian 
Pacific Railway at the time of such men as Lord Mount 
Stephen and Mr. Van Horne. He found there references 
to reports made several years before the trans-Continental 
railway was completed. He found that these early reports 
contained references to the anticipated development of 
minerals in the territory to be traversed. As is well known, 
the main line construction had been little more than 
started when the discovery was made, in constructirg a 
cut near Sudbury, of the nickel copper ore which sub- 
sequently has led to the building of these remarkable 
plants at Sudbury—concentrators that can handle 8,000 
tons of ore each day, smelters that can treat 5,000 tons a 
day, chemical plants using the sulphur fumes from these 
ores and sodium sulphate from natural deposits of western 
Canada. A vast mining and metallurgical development 
that has made Canada pre-eminent in the world supply 
of nickel. 


Railway Surveys Lead to the Discovery of 
Mineral Deposits. 

Surveys for railways in the west led to discoveries of 
valuable coal deposits, such as those of the Crows Nest 
Pass in Alberta and British Columbia. Examples could be 
multiplied. But the railways have done more than to act 
as giant prospectors, disclosing the presence of ores through 
their discovery during the building of their lines. Their 
record has been one of continuous and practical co-operation 
in the advance of the mining industry. That great Canadian 
mining enterprise, the Consolidated Mining and Smelting 
Company of Canada, largely owes its origin and subsequent 
development to the vision and foresight of Canadian 
railway men. Of course, that company to-day is operated 
as an independent mining company under its own organisa- 
tion, and its brilliant record of metallurgical research and 
successful design of plants to treat and recover the valuefrom 
the complex ores of British Columbia, which has enabled 
the utilisation of such ores bodies as those of the Sullivan 
Mine, are not accomplishments for which the railway 
desires to claim any share of credit. But it is perhaps fair 
to recognise that the realisation of the Canadian Pacific 
of the importance of providing adequate means of treating 
the ores from the mines of southern British Columbia was 
what initiated the activities and the development of the 
plants referred to. To-day that railway transports the 
ores to their plants and carries their products by its rails 
and steamships to markets in almost every country of the 
world. But, in addition to such services as these, the 
Canadian railways, through their development organisa- 
tions, continue to do everything they consistently can to 
assist, encourage and stimulate prospecting and mining 
development. The company with which the writer has 
been associated for many years follows a policy of helping 
prospectors in various ways, among which may be men- 
tioned the following. 

In addition to a study of the valuable informaticn 
compiled in the reports of the Geological Survey of Canada, 
and the investigations of the Mircs Branch, Ottawa, and 
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of the Provincial Department of Mines, expert geological 
advice has been retained to advise on what districts 
tributary to Canada’s railways have conditions favourable 
to the occurrence of minerals. Such information is given 
to prospectors and others. They are also advised on the best 
routes by which to reach areas of active prospecting. 

The prospector who needs the information is advised on 
mining laws and conditions governing the staking, recording 
and working of claims in the different provinces. If he has 
not the requisite funds to pay the fees of assayers and 
analysts he can, under certain conditions, send in his 
samples free of charge to the railway, and have their values 
determined. Where he has not the necessary knowledge, 
or the means to employ geological or mining service, the 
railway will, in some cases, send a man into the field to 
examine his prospect, and advise on the most economical 
way to put it in condition for examination by experts of 
mining companies or other interests. 

A large number of inquiries are reeeived annually, and 
a vast amount of literature and information has been 
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distributed. by the railways on Canada’s resources, and 
her mineral wealth, and opportunities have been featured 


in railway exhibition displays. in many countries. Nor 
have we yet exhausted the part which the railways play 
in assisting our mining situation. It must not be forgotten 
that they themselves are among the ccuntry’s best 
custcmers fer the products of its mincs. Especially is this 
the case in times cf railway prosperity, when the enormous 
expenditures on equipment and supplies, including rails, 
rolling-stock track, materials, buildings—everything needed 
for the maintenance and operation of railroad properties, 
are distributed throughout the country on products a 
large proportion of which have their origin in our minés 
and quarries. 

So when you, my reader, speak with a feeling of personal 
pride on the magnitude of Canada’s mining industry and 
the vast opportunities that lie before it, bear in mind that, 
as in so many other phases of Canadian development, the 
railroads of the country have been the backbone of the 
present achievement. 


Pipe Lines 


In this article two examples are given which indicate the rapid strides 


being made in the application of arc welding. 


Both are from the 


United States of America, where progress in this branch has made 
remarkable headway. 


HE fabrication of pipe lines offers special facilities 
for the application of are welding, and with increas- 
ing knowledge of the operation improved technique 

and suitable welding rods remarkable progress is being 
made in this direction. For some reason its application in 
the past has been limited to pipe work of relatively small 


from fin. to *%&in.; the inside diameter being 36 in. 
Power for the field welding was provided by engine-driven 
welding machines of 200 and 300 amp. sizes, and ¥% in. 
‘ Fleetweld ’’ electrodes were used. All welded joints were 
of the bell and spigot type, and were made in position with 
no roll welds. Approximately, one man was able to weld a 





>> a’ 


The stainless steel interior of this pipe must be perfectly smooth to reduce friction. Hence, arc welding was chosen as the means 


of fabrication, 
built. 


dimensions ; recently, however, one of the few large water- 
pipe lines of the year—the 18}-mile San Gabriel pipe line, 
near Los Angeles—has been completed by are welding. The 
line was built for the city of Pasadena by the Consolidated 
Steel Corporation of Los Angeles. This 36-in. diameter 
conduit extends from Morris dam, at the mouth of San 
Gabriel Canyon, to Pasadena. Arc welding saved consider- 
able money, and produced a better job, due to the fact 
that it eliminated the inside friction which is present in 
water-pipe lines built by other types of construction. 
The shop welding was accomplished by the automatic 
are process. Two sections of pipe, 30 ft. long, were welded 
together and delivered to the field. Pipe thickness varied 


The beads are flat, smooth, and stronger than the pipe itself. 
The diameter varies from 5 ft to 2 ft. 


This stainless steel-clad pipe is the first of its kind ever 


joint in 2 hours. No expansion joints were used. Between 
six to ten welders were used in each welding crew, and 
each welder had one helper. 

Another noteworthy example of pipe fabrication by arc 
welding is an 1,800-ft. pipe at Milwaukee, Wisconsin. This 
is claimed to be the largest order for two-ply stainless-clad 
steel ever placed. This unusual pipe, which will vary from 
2ft. to 5ft. in diameter, and be }in. thick, will carry 
compressed air from rotary turbo-blowers to aeration tanks 
at the Milwaukee Sewage Disposal Plant on Jones’ Island. 
It is being built by the Cream City Boiler Co., Milwaukee, 
Wisconsin, fabricators of alloy-metal equipment, who will 
also do the field welding. It is claimed that this is the first 
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time stainless-clad steel has been used for this type of work. 
The pipe is a main air header, which will convey air 
under pressure for activating raw sewage. Welded stainless 
steel construction was decided upon because of the low 
internal coefficient of friction which it provides, and which 
will be maintained for life. Due to this low internal friction, 
the pipe was designed several inches smaller than cast-iron 
pipe for the same purpose. With this decrease in diameter, 
it is possible to install the pipe in existing structures. Cast- 
iron pipe would have required expensive changes to the 
buildings. Are welding also proved the most economical 
and the fastest means of fabrication. 

Most sections of the pipe are 54 ft. long. These consist of 
nine plates, }in. thick. Each single plate is formed and 
placed in a special welding clamp for making the longitu- 
dinal seam. This is a plain butt weld, made with 18-8 
stainless steel electrodes on the inside, and with heavily 
coated mild-steel electrodes on the outside. Welding speed 
is about 50 ft. per hour. Nine of these plate shells are then 
welded together to form one section. The circumferential 
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joints are butt welds. The plates have previously been 
sheared square, and are placed with a %-in. gap between 
the edges. 

About 1,325 ft. of the pipe is 5ft. in diameter. The rest 
is 48in., 36in., 30in., and 24in. The contract required 
the fabrication of several special elbows, T’s, and fittings. 
Expansion joints are made of 10-gauge solid stainless steel. 
All flanged connections are so made that only stainless 
steel is exposed to the action of the material carried bysthe 
line. 

All welding of the stainless inside of the pipe is being done 
with jin. to }-in. “ Stainweld A” electrodes, while the 
welding of the steel side of the pipe is done with %-in. and 
ik-in. ‘‘ Fleetweld”’ electrodes, and 400-amp. Lincoln 
shield are welders supply the current. Approximately 


315,000 lb. of }-in. two-ply stainless steel and 9,000 Ib. of 
10-gauge solid stainless steel are required for the project, 
and the total cost of the job, which is expected to be 
completed by the first of December, is approximately 
$107,000. 








Roll Crusher for Coal 


A slugger crusher of extremely heavy construction, equipped 


with either chilled cast-iron or chilled steel rolls, according to 
the conditions, is described. 


OAL crushing necessitates machinery of exceptional 
> strength and rigidity, and in this connection con- 

siderable interest is attached to the latest ““Kennedy”’ 
slugger roll crusher, which is particularly suitable for 
breaking down coal, say to }in. size or finer, and which 
produces a uniform material. Manufactured by the Sheep- 
bridge Coal and Iron Co., Ltd., of Chesterfield, this machine 
is simple in principle, and of great strength. It consists 
essentially of two short, heavy rolls, with the sluggers or 
projections cast integral. For ordinary conditions the rolls 
are made in chilled cast iron, and for special severe duty, 
in cast steel. In operation, the coal is passed downwards 
between the rolls, one of which is able to move in a 





The ‘*Kennedy”’ slugger roll crusher, manufactured by the 
Sheepbridge Coal and Ircn Co. Ltd. 


horizontal direction against heavy steel springs, so that 
should any uncrushable material be present, such as pieces 
of iron, these pass through without any harm, since the 
roll on non-rigid bearings moves backwards momentarily 
against the compression of the springs. These are, of course, 
arranged so that they do not yield when ordinary crushing 
is taking place. 

Each of the slugger roll shafts is driven by a belt pulley 
using a single short continuous belt for both pulleys, and 
having also in the circuit a suspended compensating weight 
device with a jockey pulley, which enables the movable 
slugger roll to operate against the springs without affecting 
the belt tension. The roll shafts also run on ring bearings 
with lubricators, and the machine, which is of a particularly 





compact character, is carried on two steel beams, and has 
a steel casing surrounding the rolls, with rectangular inlet 
at the top. 

A number of different standard sizes are supplied, of 
which the smallest has a duty of 10 to 11 tons of coal per 
hour when the rolls are set to §-in. space, this space being 
easily adjusted as required by means of nuts upon the 
springs. For a machine of this size the two rolls are 12 in. 
long and 30 in. in diameter, while the weight empty is 
8,000 lb., and the horse-power required is 10. With an 
electric motor drive the motor-pulley is 8 in. face and 9 in. 
diameter, the motor running at 575 revs. per min., driving 
to the crusher pulley of 8in. face, and 28 in. diameter. 
The speed of the crusher rolls is 185 revs. per min. 

A typical larger machine has a duty of 65 to 70 tons 
of coal per hour crushed down to in. size, with rolls 
48 in. long and 30 in. diameter, the weight empty being 
approximately 20,CCO Ib. For this duty the horse-power 
taken is 50, with an electric motor having a belt pulley 
18 in. face and 12 in. diameter and a crusher pulley 18 in. 
face and 28 in. diameter, the motor runring at 435 revs, 
per min., and the rolls at 186 revs. per min. 

A wide range of ‘‘ Kennedy ” crushers is manufactured, 
including special heavy-duty slugger roll mills, various 
types of hammer crushers, and a nctable vertical, ball- 
bearing, gearless gyratory crusher intended for hard 
material, such as limestcne and ironstone, as well as 
granite, syenite, gravel, and flirt used for road making, 
the material always being turned out in the cubical 
condition. 


The welding of cast iron with rods of iron or steel will 
result in excessive hardness at the fusion point. Where 
subsequent machining is required, therefore, special rods 
must be used. Monel metal rods have been found very 
suitable for making sound and machinable welds in cast 
iron. 

These rods coated with a suitable flux for the arc-welding 
of cast iron, are obtainable from G. D. Peters and Co., Ltd., 
or Murex Welding Processes, Ltd., and bare Mone! Metal 
wire is available for the oxy-acetylene process. A pamphlet 
may be obtained from Henry Wiggin and Co., Ltd., Thames 
House, Millbank, London, 8.W. 1, describing the method to 
be followed, and free copies may be obtained on request. 
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Annual Autumn Meeting in Manchester. 


HE Seventy-sixth Annual Autumn Meeting was 

held, in Manchester, on September 3 to 6, with 

Dr. Harold Moore, C.B.E. (President) in the chair. 

On the eyening of September 3 the Thirteenth Autumn 

Lecture was delivered by Dr. J. L. Haughton, in the Great 

Hall, at the College of Technology, the subject being ‘‘ The 

Work of Walter Rosenhain,” to which reference is made 

elsewhere in this issue. Technical sessions were held during 

the remainder of the meeting at which several interesting 

and informative papers were presented, summaries of a 
few of which are given in the following :— 


White Metal Bearings for Severe Service: 
Some General Considerations 

Recent development in the internal-combustion engine 
in particular has produced a combination of three difficult 
conditions: high bearing pressures, high temperatures, 
and rapid changing of loading. In view of their superior 
merits, particularly at elevated temperature, tin-base 
alloys have been used in preference to lead-base alloys, 
and have undoubtedly given excellent service under severe 
conditions. The conditions of service, however, are increas- 
ingly advancing to a stage that calls for further improve- 
ment in tin-base alloys, or alternatively, for the substitution 
of some other type of alloy. The need for high revolutions 
and rapidly-fluctuating loads on the bearings arises directly 
from the increasing use of relatively small, high-revolution 
engines giving high power per unit of weight. Rapid advance 
in this direction has tended to make fatigue-cracking more 
important than in former times, and has tended to redirect 
inquiry to ascertain the true theoretical functions of an 
ideal white metal and the physical properties that it ought 
to possess. 

In this paper Mr. D. J. MacNaughton discusses the 
theoretical functions of an ideal white metal, and the 
manner in which the stresses produced in service tend to 
cause failure by cracking. Since the normal action of the 
stresses are compressive, special attention is given to the 
tension stresses which are shown to lower the fatigue range 
of the metal and to open up incipient cracks. Based on 
this analysis, the mechanism of crack formation is dis- 
cussed. 

The following directions in which improvement in 
service behaviour may be secured are considered: (1) 
diminishing the intensity of the stresses in the metal by 
modifications in (a) certain features of design; (6b) the 
material used for the liner; (2) increasing the fatigue- 
resisting properties of the white bearing metal in respect to 
which results obtained in preliminary investigations of the 
fatigue properties of high tin-antimony-copper alloys with 
and without addition of a further element are given. 


White Bearing Metals under Various Deformation 
Tests. 

Owing to the developments taking place in engineering 
practice which are making more exacting demands on bearing 
alloys, the need for information regarding data suitable 
for assessing the relative merits of different white bearing, 
metals has become necessary and the work embraced in 
this paper has been undertaken with this object in view. 
The experimental work has been divided into three groups, 
and has been reported in three sections—viz., indentation 
tests, tensile tests, and pounding tests, respectively. 

Part I.—InpentaTion TEsTs. 

The effect of viscous flow, ageing, and prolcenged heating 
on the resistance to indentation of tin- and lead-base 
bearing metals have been investigated, and is reported by 
Mr. A. 8. Kenneford and Dr. Hugh O'Neill. Flow tests 





with a 120° steel cone at 19° and 96° C. show that Babbitt 
metal containing 1°, cadmium or 2° nickel, or a lead- 
alkali-bearing metal, give better indentation results than a 
plain Babbitt alloy. 

The hardness of the different metallographic constituents 
of bearing metals and their softening on heating to 100° C. 
have been measured by scratch and micro-indentation 
tests. The matrices lose 40 to 45°%, and the cuboids 20% 
of their hardness, but the cuboids in a Babbitt remain 
somewhat harder than those in a lead-base alloy. 

Two new simple tests are suggested. In the first a 
lubricated 60° conical casting of the alloy is flattened 
under 100 kg. load for 30 sees., and the Mallock hardness 
number determined. By increasing the duration of loading, 
a flow index may be measured on lines similar to “ Har- 
greaves’ analysis.” Then, by compressing until cracks 
appear on the extruded edge, the ductility of the specimen 
and its cracking stress may be measured. At room tem- 
peratures the lead-base alloys show relatively low ductility, 
and this agrees with their low work-hardening capacity, 
as determined by specially-conducted ball tests and re- 
peated impact tests with the scleroscope. 

The second method employs an instrument similar to 
the Herbert pendulum, and measures the damping effect. 
It may not only be used to give rapid indications of hard- 
ness at different temperatures, but is also sensitive to the 
effect of different lubricants. 

This paper includes an Appendix on an X-ray examina- 
tion of Babbitt metal and of the age-hardening of cast 
lead-alkali alloy by Mr. G. 8. Farnham. 

Part I].—TensiLe Tests, 

Tensile tests are not usually carried out on white metal 
bearings, but while the ultimate strength may be of little 
obvious importance as a measure of the value of a bearing 
alloy, there is the possibility that it will serve as an in- 
dication of the metal’s resistance to fatigue. Thus, in this 
paper by Mr. R. Arrowsmith, the tensile properties of white 
meta! specimens, prepared by gravity die-casting and 
without any machining, have been determined at room 
temperature on a Hounsfield ‘‘Tensometer.’’ Various 
casting conditions were examined for each alloy. Babbitt 
metal with additions of cadmium gave the highest values 
of limit of proportionality and ultimate stress. The 
greatest ductility was obtained from an alloy No. INC 
containing 89 °, of tin. 

Part III.—Pounpine TEstTs. 

In this investigation the specimens were subjected to 
100,000 blows. In the experiments, Mr. H. Greenwood 
points out a mcdified form of the Stanton impact tester 
suitable for the testing of white metals by pounding at 
different temperatures was used. Results on cylindrical 
specimens are given in the report, and the unsuitability of 
this type of test-piece is shown. The use of bearing-shaped 
specimens with a cylindrical indenter is described. Results 
are recorded for eight different white-metal bearing alloys 
and a lead-alkali alloy cast under various conditions, and 
tested at 18°, 100° and 150°C. A Babbitt metal with an 
addition of cadmium gave the greatest resistance to 
pounding. 


Properties of Tin containing small amounts of 
Silver, Iron, Nickel or Copper. 

The investigation described in this page by Prof. D. 
Hanson, Messrs. E. J. Sandford, and H. Stevens, has been 
undertaken in order to ascertain the effects of alloying 
silver, iron, nickel and copper with tin, and_ special 
attention has been paid to the constitution and tensile 
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properties. The authors state the tin-rich ends of the silver- 
tin, nickel-tin, and copper-tin equilibrium diagrams have 
been investigated. With the first, the eutectic occurs at 
3°5°, of silver, at 221-3°C.; with the second at 0-18°%, 
of nickel at a temperature which does not vary appreciably 
from the melting point of pure tin ; with the last, between 
0-70 and 0-75°%, of copper at 226-9°C. The solid solu- 
bility of silver in tin is shown to be approximately 0 -02°%, 
at room temperature, increasing to 0-06°%, at 210°C. 
The solid solubility of nickel is less than 0 -005°,, and that 
of copper less than 0 -01°, at 220° C, 

The method of making additions to tin is discussed, and 
it is shown that no particular difficulties are met with in 
the case of silver, iron, copper and nickel. 

The influence of additions of these metals on the tensile 
strength of tin is discussed. A great increase produced by 
quenching silver-tin alloys is not permanent at room 
temperature, whilst with the other three alloys quenching 
has no effect. Additions of iron above 0-4°;, are without 
effect, although up to this percentage an increase of 40°, 
in the tensile strength is found. 

Nickel up to 0 -3°,, produces an increase up to 2-1 ton /in.? 
but further additions have no influence. Copper up to 
2°, greatly increases the tensile strength after all heat- 
treatments investigated. 

Silver is shown to refine the grain of tin, but not to 
prevent grain-growth at high temperatures. The ad- 
dition of iron above 0-05°,, or of nickel above 0-06°%, 
prevents such grain-growth, although below these com- 
positions germination takes place. 0-35°%, and more of 
copper prevents recrystallisation of cold-rolled tin at 
room temperature, but annealing at temperatures from 
110° C. upwards produces larger grains than in alloys of 
slightly lower copper content. 

Reflectivity Method for Measuring Tarnishing of 

Highly Polished Metals. 


In the course of research on the atmospheric corrosion and 
tarnishing of metals and alloys, it was found necessary to 
measure, by means of the change of reflectivity, the 
tarnishing and dulling of highly-polished metals when 
exposed to the atmosphere. This paper by Messrs. L. 
Kenworthy and J. M. Waldram, describes an apparatus 
and method devised for carrying out the quantitative 
assessment of tarnish on highly-polished metals, by 
reflectivity measurements. The method involves the 
separate determinations of the specular and diffuse com- 
ponents of reflection, and the use of an empirical formula 
combining these two properties. The application and 
validity of the method are illustrated by the results of 
periodical measurements, and observations made on 
specimens of pure tin and two tin alloys exposed to indoor 
and outdoor atmospheres. 


The Corrosion of Tin and its Alloys. 

Part I.—Tue Try-ricn TIN-ANTIMONY-COPPER ALLOYS. 

Tin is well known as a metal distinctly resistant to many 
types of corroding conditions, It is used in the pure form 
as a protective coating for steel and for copper, and, 
alloyed with other metals, it forms useful corrosion-resis- 
tant materials such as the bronzes and pewters. In this 
series of papers it is proposed to make a preliminary survey 
of the nature and extent of the corrosion which occurs 
when tin-rich alloys are exposed to various dilute acids, 
salt solutions, and tap-waters. The present report by 
Dr. T. P. Hoar, deals with the tin-antimony-copper alloys, 
which are extensively used as pewter. The behaviour of 
tin-rich tin-antimony-copper alloys of three different 
compositions has been examined with regard to their 
resistance to corrosion by dilute hydrochloric and citric 
acids and by various tap-waters, and compared with 
that of pure tin. The straight 5%, antimony alloy 
containing no copper is found to be usually some- 


what more resistant to these types of corrosion than 


METALLURGIA 





SEPTEMBER, 1934. 


alloys containing copper. Soft water produces tarnishing ; 
hard water gives no tarnish, but may give localised attack, 
if their is much chalky deposit. 


Influence of Pickling on the Fatigue-strength 
of Duralumin. 

In order to assist in the detection of flaws, manufacturing 
defects, and fatigue cracks in aluminium alloy components, 
it has been customary to pickle or etch the é6mpdonents in 
various solutions, the main etching usually being “effected 
in an aqueous solution of caustic soda. The experiments 
described in this paper by Messrs. H. Sutton antl W. J. 
Taylor were made to ascertain the effect of various etching 
or pickling processes on the fatigue properties of Duralumin. 
Wohler-type fatigue tests were made on_ test-pieces 
machined from Duralumin bar, and the effect of various 
pickling treatments on the fatigue-strength was investi- 
gated. 

Pickling treatment A (2$ min. in 10°, caustic soda 
solution at 60° to 70° C.; rinse ; 1 min. in 10% nitric acid, 
10°,, sulphuric acid) lowered the fatigue limit by 31°, 
but the reduction was very much less after immersion of 
the test-pieces in boiling water. After a layer of 0 -6625 in. 
thick had been machined off, the pickled test-pieces 
showed normal fatigue properties. 

Pickling treatment B (2 min. in 10°, hydrofluoric acid, 
10°, nitrie acid) lowered the fatigue limit by 15°). 

Pickling treatment C (3 min. in 10°, sulphuric acid 
four parts, hydrofluoric acid one part ; rinse; 1 min in 
50°, nitric acid) only lowered the fatigue limit by about 
6%, and the reduction was less still—i.e., within the 
limits of experimental error, when the specimens had been 
immersed in boiling water after being pickled. This treat- 
ment appears suitable for pickling new components to 
reveal micro-structure and defects, or for etching used 
components for the detection of fatigue cracks, stress- 
corrosion, cracks, ete. 


Some Properties of Heavy Cold-worked Nickel. 

In this paper by Mr. H. Quinney an account is given 
of the temperature of Curie point for highly-strained nickel 
and mild steel, as obtained from a study of: (1) the 
temperature-time curves on heating and cooking (2) 
changes in magnetism on heating and cooling ; (3) expansion 
and contraction of these metals on heating and cooling. 

The results indicate that after fully allowing for errors 
in the methods of recording, overstrain delays the Curie 
temperature for nickel on heating, but no measurable 
effect arising from overstrain can be observed on cooling. 
The Curie temperatures recorded throughout on heating 
are lower than the accepted values for pure nickel, being 
in the neighbourhood of 330°C. According to Bredig, pure 
nickel does not change directly from the ferro-magnetic a 
state, in which the lattice is body-centred cubic to the 8 
paramagnetic modification, but apparently has an a form 
between 357° and 362° C., which is probably hexagonal. 

In the case of mild steel, no effects due to overstrain 
could be observed at the Curie temperature, since the 
strain is relieved before the metal reaches this relatively- 
high point. 

Experiments in Wire-drawing. 
Part IV.—Anneatine or H.-C. Copper WIRES OF 
VARYING HARDNESS-ELONGATION VALUES. 

In the preceding paper of this series, the authors, Messrs. 
W. E. Alkins, and W. Cartwright, gave an account of 
annealing experiments carried out at varying temperatures 
for varying lengths of time upon a number of samples of 
wire, approximately one-tenth inch in diameter, drawn 
with widely-varying amounts of reduction, from a single 
heavy wire-bar of’ very pure H.-C. copper. The breaking 
load of the wires was the only physical property then 
dealt with. 

In response to a generally-expressed desire, the results 
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of the elongation determination upon the same wires after 
the same heat-treatments are published in this paper, 
though no detailed correlation of the breaking load and 
elongation data is undertaken. The results again bring 
out the fact that the more severely drawn wires become 
annealed at much lower temperatures than the less hard 
wires, ‘‘ Over-annealing,’”’ in the sense of a falling-off in 
percentage elongation values, is apparent when an annealing 
temperature of 750° or 850°C. is adopted. Maximum 
elongation values are obtained by annealing for a relatively 
long time (12-24 hr.) at a comparatively moderate tem- 
perature (230° to 280° C.) wires drawn with a reduction of 
area of the order of 50 to 75%. 


Crystal Densities of Industrial Brasses from 
X-ray Data, 

The usefulness of a density determination to ascertain 
the degree of unsoundness of a sample of alloy by com- 
parison with a standard sample, has been pointed out by 
different metallurgists. In this paper, by Prof. E. A. Owen, 
and Dr. L. Pickup, crystal density values have been 
obtained from X-ray data of copper-zine alloys in thermal 
equilibrium, for compositions in the a- (a2 + B), and B- 
regions. Whilst it is shown that the degree of porosity, 
cold-work, and grain-size have no effect on the resuits 
obtained, it is essential to take into account the heat- 
treatment given, when interpreting the values of alloys 
with duplex structures. 

The relation between the composition of the pure a-phase 
and its density is not strictly linear, but both that of alloys 
in the pure f-region, and that in the (a + 8) region can 
be taken as linear to a high degree of accuracy. At the 
phase boundaries (a)— (a + 8) and (a + B) — (f) there 
are discontinuities in this relation. 

Densities derived from X-ray data are considered to be 
nearer the true values than those obtained by any of the 
other methods hitherto employed, and hence, for copper- 
zine alloys in true equilibrium the values obtained are the 
most reliable standards available for comparison purposes. 


Elongation Values of Copper and Copper-rich Alloys. 

The work reported in this paper by Dr. Maurice Cook 
and Mr. Eustace C. Larke, which is concerned only with 
copper and copper-rich alloys in the form of strip material, 
was undertaken to ascertain the effect of variation in gauge- 
ength on elongation values and the nature of these values. 
H.C. copper, 70: 30 and 64; 36 brass, 80: 20 cupro- 
nickel, and 95: gilding metal have been investigated, and 
it has been found that varying the length of parallel portion 
on 0-5in. wide test-pieces from 1-5 to 8-5in, has no 
appreciable effect on the total elongation values measured 
on a l-in. gauge-length. Varying the metal thickness 
between 0-125 and 0-020 in. does not sensibly affect the 
elongation, but with metal thinner than 0-02 in., the 
elongation values decrease with decreasing thickness. 
With variation in width from 0 -25 to 1 -5 in., the elongation 
decreases with decreasing width, the effect being smaller 
as the gauge-length is increased. Variation in the rate of 
strain between the limits of 0-06 and 0-55in, per inch 
of gauge-length per minute, does not appear to affect the 
elongation values. 

The effect of gauge-length on elongation values has been 
considered in detail for the five materials in the soft con- 
dition, and for 70:30 brass of varying hardness, and a 
study made of the distribution of elongation along. the 
gauge-length. Values for total and uniform elongation 
have been obtained and compared with those derived from 
characteristic formulae, such as those of Unwin, Bach, 
Bertella, and Krupkowski. Values obtained from the 
formule of Unwin, Bach, and Krupkowski for total elonga- 
tion on gauge-lengths upwards of 0-75 in. agree extremely 
well with the actually determined values. Uniform elonga- 
tion values derived from the Bach formula do not agree 
with observed values so well as those derived from the other 
two formule. The extent of the effect of the local elonga- 
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tion due to necking has been investigated, and its influence 
in connection with the effect of position of the fracture on 
the elongation considered. 


Crystal Re-orientation on Heating Drawn Copper 
Wires. 

An investigation which arose out of some work on the 
effects of annealing copper wire recently undertaken by 
Alkins and Cartwright’, is discussed in a paper by Mr. 
G. 8. Farnham and Dr. H. O’Neill, in which it is reported 
that the behaviour of a silver-free copper wire reduced 50%, 
by cold-drawing, has been compared after ‘“ low-tem- 
perature treatment ’’ with that of two silver-bearing wires 
reduced 59%, and 49%, respectively. Low-temperature 
treatment hardening occurs in the first, but not in the last 
of these. X-ray spectroscopy makes it evident that 
preferred orientation is less developed in the silver-bearing 
wires. The general effect of low-temperature treatment at 
130° C. is to reduce the amount of [IIT] preferment, but to 
cause an increase of [100] preferment. This change-over 
probably causes “ orientation hardening.” In the silver- 
bearing wires, however, the change is only relatively small 
in extent, and this appears to explain the differences as 
regards low-temperature treatment hardening. 

The Deformation Lines in Alpha Brass, 

During the course of a study of the effect of cold-rolling 
on the orientation of single crystals of 70 : 30 brass, several 
specimens were secured which offered conclusive proof of 
the nature of the “lines of deformation”’ frequently 
observed in face-centred cubic metals. This note by 
Dr. Carl H. Samans, is a brief description of two of these 
specimens. He states that a microscopic study of 70 : 30 
brass single crystals of two different orientations which had 
been reduced 50°, in thickness by cold-rolling revealed the 
presence of many of the so-called “ lines of deformation.”’ 
X-ray determinations, by the Davey-Wilson method, of 
the orientations in the rolling plane showed conclusively 
that the markings were mechanical twins parallel to 
octahedral planes, 


TIN CONSUMPTION. 


The world consumption of tin during the first six months 
of 1934 isslightly above the same period in 1933, the respective 
figures being 58,774 tons, compared with 58,394 tons—a 
considerable increase over 1932, when the first six months’ 
consumption was 53,492 tons. 

According to the August Bulletin, issued by the Hague 
Office of the International Tin Research and Development 
Council, thére has been a slight check in consumption during 
the second quarter of this year, compared with the same 
quarter of last year. Consumption during June, 1934, was 
13% less than during June, 1933. Figures for the twelve 
months ending June, 1934, however, still show an increase 
of 22°%, compared with the preceding twelve months. 

During the six months under review, world production of 
tinplate shows an increase of approximately 12°, over the 
first six months of 1933. The automobile industry shows a 
substantial increase. The output during the six months 
ending June,:1933, and June, 1934, amounted to respectively 
1,402,948 and 2,243,986 units, resulting in an increase in tin 
consumption of approximately 2,500 tons. 

The following table shows the tin consumption by individual 


countries. 
Twelve months, ended 


1933. 1934, 
Long tons. 
U.S.A, as” Se 41,459 .. 55,934 
un os 17,704 ., 20,451 
Germany 9,035 .. 11,128 
France es ee 9,765. .. 9,608 
U.S.S.R. 2,909 . 4,999 
Italy .. .. 3,800 3,900 
British India 2,054 1,980 
Je 86,726 108,000 
Total, World 104,888 128,000 











1 W.E. Alkins and W. Cartwright, J. Inst. Metals, 1931, pp, 52, 221, 

























































Some Recent Contracts. 


The British Electrical and Allied Manufacturers’ Association 
state that an important order for electrical equipment has been 
placed in this country by the Danish State Railways, following 
the successful results of the electrification of the Copenhagen 
suburban lines 

The order is for the complete control equipment for twenty 
motor coaches and ten trailer coaches, and has been placed 
with the English Electrical Company, Ltd., of Stafford. 


Doxford and Sons Ltd., Sunderland, have received an order 
on behalf of B. J. Sutherland and Co., Ltd., Newcastle-on- 
Tyne, for a motor ship of approximately 9,000 tons capacity. 
it will be a sister ship to that ordered from the same builders 
a few months ago. 


The Chinese Government Purchasing Commission has 
ordered copper line wire from the British Insulated Cables, 
of Prescot, Lancashire, and galvanised iron line wire from the 
Whitecross Company, of Warrington, and Messrs. Rylands 
Bros., of Warrington. 


The L.M.S. Railway have introduced into traffic the first 
of a series of seventy two-cylinder six-coupled mixed traffic 
locomotives which have been designed by the’ chief mechanical 
engineer, Mr. W. A. Stanier, for working both passenger and 
freight trains. 

Twenty of these engines are being constructed at the 
L.M.S. Crewe works, and fifty by the Vulean Foundry, Ltd., 
under the 1934 locomotive programme. Each engine is 
63 feet long and weighs 114 tons in full working order, including 
a six-wheeled tender, accommodating 4,000 gallons of water 
and nine tons of coal. 

The London and North Eastern Railway Company have 
placed an order with the Sentinel Wagon Works, Limited, for 
a steam locomotive of a new and unusual design, for use on 
branch-line services. This locomotive, which will be the 
first of its type to be employed in this country, will be mounted 
on two six-wheeled bogies and provided with a three-drum 
water tube boiler, from which steam is supplied to six separate 
compound two-cylinder cagines, one engine being geared 
direct to each of the six axles. 


Messrs. Simon-Carves, Ltd., Cheadle Heath, Stockport, 
have received an order from Messrs. Barber, Walker, and Co., 
Ltd., for an extension of the existing Simon-Carves washery 
at Harworth Colliery, which will bring the capacity up to 
300 tons per hour. The contract includes a Simon-Carves 
dust aspiration plant, patent Slurry plant, and loading and 
mixing arrangements 

One of the largest railway wagons ever built is being shipped 
from Middlesbrough in seven units for re-assembly in Russia. 
This vehicle has a carrying capacity of 200 tons, and is required 
for the conveyance of heavy ingots, guns, turbines, trans- 
formers, and other large machinery items over the railways 
of the Russian Soviet Government. It has a weight empty 
of 80 tons. The wagon, built by Craven’s Railway Carriage 
and Wagon Company, Ltd., of Sheffield, to the Russian (5ft.) 
gauge, is 93 ft. 9in. long and is carried on four six-wheeled 
bogies, each pair supporting a saddle upon which the main 
loading platform is pivotally mounted, so as to provide 
flexibility for negotiating a minimum curve of 131 ft. 


Contracts for the supply of 7,500 tons of steel rails and 
730 tons of fishplates have recently been p!aced with British 
steel-makers for early delivery by the South African Railways 
and Harbours Administration. It has also recently placed 
contracts for 20 first class coaches with the Birmingham 
Railway Carriage and Wagon Company, Limited, Birmingham, 
and for 30 second class eoaches with the Metropolitan Cammell 
Carriage, Wagon, and Finance Company, Limited, Birmingham 
A number of these coaches will be shipped to South Africa 
completely erectéd ready to be placed in service immediately 
on arrival, 


An order for 20 locomotives for the South African railways 
has been placed with the Darlington firm of Robert Stephenson 
and Company, Limited. The value of the order is estimated 
at more than £150,000. 
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The London Midland and Scottish Railway Company, 
state that in addition to the 117 new locomotives already 
announced to be built in their works under the 1934 locomotive 
renewal programme, they have now decided to place orders 
for a further 150 locomotives. These will be of the mixed 
traffic type. One hundred will be built by Armstrong Whit- 
worth and Co. (Engineers), Ltd., Secotswood, Newcastle, and 
fifty by the Vulean Foundry Co., Ltd., Newton-le-Willows, 
Lancashire. 


Metropolitan Vickers Electrical Company, Ltd., Trafford 
Park, Manchester, have received a £90,000 order for a new 
turbine for Belfast Corporation’s Harbour Power Station. 
This is the first extension to the power station since the 
18,750 k.w. Metropolitan-Vickers turbo set was installed in 
1928. The new turbo-set will enable the load, which has 
more than doubled since 1927, to be adequately dealt with. 

The order is for a 30,000-kilowatt turbine running at 3,000 
revolutions per minute, driving a generator giving 6,800 volts, 
complete with condensing plant and transformer stepping 
up the voltage to 33,000. It will be of the two-cylinder type, 
with condensers of the Metrovick central flow type. 


The British (Guest Keen Baldwins) Iron and Steel Company 
Limited have placed with the Woodall-Duckham Company 
the contract for the large by-product coking plant which 
they are installing in connection with the reorganisation of 
their Cardiff works. The contract includes a battery of 
Becker Coke Ovens, divided into two sections. The ovens 
will be arranged so that they can be heated either by blast 
furnace or by coke oven gas as required, and will have a total 
net production capacity of 5,850 tons of blast furnace coke a 
week. The contract also comprises the supply of all oven 
machinery, a reinforced concrete oven storage ‘bunker for 
2,400 tons of washed coal, a coke-quenehing station and wharf 
and complete by-product plant for recovery of crude tar, 
sulphate of ammonia and benzol. The benzol plant will 
provide rectification of crude benzol to motor fuel. 


The Ceylon Railways have ordered a 20-ton diesel shunting 
locomotive from Sir W. G. Armstrong Whitworth and Co., 
Ltd., of Newcastle-upon-Tyne. 


Balfour Beatty and Co., Ltd., which is owned by the Power 
Securities Corporation, Ltd., has been awarded the contract 
for the construction of the Kut barrage for a modified tender 
of more than £1,000,000. When the barrage scheme is com- 
pleted, approximately three years hence, it is stated that it 
will bring a large new area under cultivation. 





Among recent contracts placed by home and overseas 
railways, are orders by the Great Southern Railways of 
Ireland, for thirty-nine omnibuses, and sixteen six-wheeled 
goods vehicles from Leyland Motors, Ltd., of Leyland, Lanes. ; 
from the Crown Agents for the Colonies for thirty-two all- 
steel bogie wagons to be built by the Gloucester Railway 
Carriage and Wagon Co., Ltd., for the Gold Coast Government 
Railways ; and for four 30-ton flat-bottomed wagons to be 
built by the Birmingham Railway Carriage and Wagon Co., 
Ltd., of Smethwick, for the Palestine Railways. 





North-East Coast Institution of Engineers 
and Shipbuilders. 


The Council of the above Institution has awarded Messrs. 
W. T. Bottomley, E. W. Corlett and Frank Pierey, the 
engineering gold medal of the Institution for their paper on 
“The Possibilities of Applying -Improvements Effected in 
Modern Land Power Plant to Ship Propelling Machinery,” 
and the shipbuilding gold medal to Mr. Norman M. Hunter 
for his paper on ‘The Electric-Welded Ship ‘Peter G. 
Campbell’’’ Further awards include an Institution scholarship 
to Mr. Mallison Powley, the George Mitchell Harroway 
Scholarship to Mr. G. G. Harforth, and grants to Messrs. 
R. C. Sumner, Paul Carter, W. L. Stewart and J. C. Matthew. 
The Thomas Fenwick Reid Medal has been awarded to Mr. 
John C. Boyd. 
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Business Notes and News 
Davy Brothers, Ltd. 


Established as a private partnership in 1830 and incor- 
porated as a limited company in 1872, Messrs. Davy Bros., 
Ltd., have played an intimate part in the development of 
industrial Sheffield, and many will have feelings of regret 
that asa result of the economic depression a Receiver and 
Manager has been appointed. Davy Bros. were one of the 
earliest firms to specialise in the construction of large steam 
engines, rolling mills, and heavy hydraulic forging presses. 
Sixty years ago it was supplying rolling mills of large size to 
leading British and foreign steelworks. It has since supplied 
many hundreds of rolling mills, accessory machines, and 
hydraulic presses to all kinds of leading works throughout 
the world. 

The works cover a substantial area. The Park Ironworks— 
including the Don Boiler-works—extend over five to six 
acres; while on a 70-acre site, bought in 1919, the firm’s 
Darnall engineering works and foundry covers about twenty 
acres. On contracts under execution for British and foreign 
buyers 750 operatives are engaged. 

The appointment of a Receiver and Manager does not 
necessarily mean that these world-famous works will close. 
Strong efforts are to be made to bring about a general recon- 
struction covering the finances of the company, and prospects 
of securing fresh orders for steelworks’ plant are said to be 
exceedingly good if current difficulties can be overcome. 


Important United States Steel Merger. 


The merger of the Republic Steel Corporation, the third 
largest producer in the United States, with the Corrigan 
McKinney Steel Company was officially announced recently. 
The combined enterprise, which has been approved by the 
Boards of both companies, will have assets of approximately 
$323,000,000 and a combined steel ingot producing capacity 
of approximately 6,000,000 tons annually. The merger plan 
includes a readjustment of Republic Steel Corporation’s 
capital structure, and $24,000,000 new financing for the 
combined companies. 

An agreement has also becn entered into with Truscon 
Steel Company, whereby they accept securities of Republic 
Steel Corporation in exchange for their holdings of Truscon 
stock, after the acquisition of the Corrigan McKinney 
properties. The essential features of the proposed changes 
in Republic Steel Corporation’s capital structure are that 
they will eliminate all dividend arrears on the outstanding 
Preferred stock, reduce the amount of Preferred stock out- 
standing to permit $24,000,000 of new firiancing, the proceeds 
of which will be used to retire the present outstanding refund- 
ing and general mortgage, repay bank loans and provide 
additional working capital for the consolidated properties. 


New Coal Cutter-Loading Machine. 


An invention which, it is claimed, will revolutionise the 
coal mining industry, has just been perfected after nine 
months of secret tests which have been carried out in an 
up-to-date mine in the Wigan coalfield. The “iron man,” 
as the mechanical coal cutter is called, has been replaced by an 
“iron superman,’ which not only cuts the coal but loads it 
mechanically for conveyance to the haulage—an operation 
hitherto carried out by man power. 

The new machine, at present known as the cutter-loader, 
enables six men to carry on the work formerly done by a 
hundred experienced colliers. Whereas a collier can shovel 
from eight to fifteen tons a day, the cutter loader can load two 
tons a minute. It travels along the face cutting the coal, 
which is then blown down by explosives. The machine then 
returns, loading the loose coal as it comes. ’ 

The inventor is a Scottish mining expert, whose name has 
not been divulged. The new machine is mechanically similar 
to a coal cutter and is as easy to operate. It can be worked 
by electricity or by compressed air. 


The Rare Metal Actinium. 


The American Chemical Society announce that Actinium, 
claimed to be the rarest meta! and worth £200,000 per ounce, 
has been isolated for the first time. Actinium emits radio- 
active rays of greater penetrating power than those of radium. 
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Tees Imports of Iron and Steel. 


Statistics issued by the Tees Conservancy Commission 
recently relating to imports of iron and steel to Tees ports 
during August show that discharges were 543 tons higher 
than in the previous month. Total imports in August were 
4,882 tons, compared with 4,339 tons in July. 

Pig iron discharges amounted to 1,163 tons, against 1,674 
tons in July and 62 tons in August last year. Imports of 
crude sheet bars, billets, blooms and slabs in August were 
2,958 tons, in the previous month 2,075 tons, and in August, 
1933, 704 tons. Total landings of plates, bars, angles, rails, 
sheets and joists last month were 522 tons, compared with 
590 tons in July and 223 tons in the corresponding month of 
last year. 

In the ten months of the Commission’s year whieh have 
elapsed, 37,898 tons of iron and steel have been imported to 
the Tees, compared with 11,964 tons in the corresponding 
period a year ago, and 53,399 tons in the comparable period 
of 1913-14. The largest increase. is in semi-finished steel, 
the import since November last amounting to 24,826 tons, 
compared with 5,472 tons a year ago. 

Pig iron imports in the same period were 8,097 tons, against 
2,694 tons in the previous twelve months, while finished steel 
imports at 4,975 tons compare with 8,798 tons in the com- 
parable ten months a year ago. 


New Ironstone Mine in Lincotnshire. 


Increased activity in Lincolnshire steel production, which 
is causing new high figures of output to be set up at Scunthorpe, 
is adding interest to the fact that a new ironstone mine is 
being opened up by important industrial concerns at Nettleton, 
four miles north of Market Rasen. Messrs. John Lysaght, of 
Scunthorpe, and the Mid-Lincolnshire Iron Co., of Lincoln, 
are jointly interested in this new development. 

The new working constitutes a virgin field, and it is expected 
that active production of some. thousands of tons of ore per 
week will shortly be commenced. Reserves of ore have been 
shown to exist which should keep the mine working steadily 
at capacity for many years to come. Mining experts have 
long been aware of the existence of this ironstone bed, but 
conditions have not hitherto been favourable to actual mining 
being commenced. The new formation on the Lincolnshire 
hills is distinct from both the Scunthorpe and Lincoln deposits. 
Iron is extracted in the form of small polished oolitic particles 
of peroxide of iron, and it is believed that the new ore will be 
of value as an auxiliary metal when smelted at Scunthorpe. 


Buckton Testing Machine Business 
Acquired by Avery. 


For the last six years, Buckton Testing Machines and 
Machine Tools have been made by Craven Bros. (Manchester) 
Ltd. Owing to the growth of their machine tool business, 
Craven Bros. have decided to devote the whole of their energies 
and resources to it, and the Buckton testing machine business 
has been transferred to W. and T. Avery Ltd., Soho Foundry, 
Birmingham. 

Avery are themselves well known to our readers as manu- 
facturers of testing machines; they will now manufacture 
Buckton machines in addition. to the Avery range, and re- 
calibration, testing and certification of Buckton machines 
will be carried out by them. 


Beardmore & Co. to Cease Building Ship 
Propelling Machinery. 


By arrangement with National Shipbuilders’ Security 
Limited, William Beardmore and Co., Ltd., will cease to build 
main propelling machinery for ships when their present 
contracts at Dalmuir have been completed towards the end 
of next year. This arrangement does not in any way affect 
the other industries which are still to be carried on in the 
company’s establishment at Dalmuir—the manufacture. of 
high-speed Diesel engines. Bauer-Wach exhaust turbines, 
Vulean clutches, Caprotti valve gear for locomotive and 
marine purposes and general engineering specialities. The 
firm disposed of its shipyard at Dalmuir to the National 
Shipbuilders Security, Limited, in 1930, under the plan for 
rationalising the shipbuilding industry. 

Founded by Robert Napier, father of the Clyde ship- 
building industry, in 1835, William Beardmore and Co., built 
the engines of the first Cunarder that ever put to sea. 
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MARKET PRICES 


GUN METAL. SCRAP METAL. 
*Admiralty Gunmetal Ingots Copper Clean 
(88:10; 2) f ite Braziery 
*Commercial Ingots 8 0 ja 
Fnglish *Gunmetal Bars, Tank brand, 
CRIMGSS ccccccccsccdersceces lin. dia, and upwards. . lb. g Gun Metal 
Crude -- *Cored Bars Zine 
Alumini Jutting 

BRASS. TD > aaa Cuttings 
Solid Drawn Tubes Soft Foreign : Heavy Steel— 
Brazed Tubes English S. Wales 
Rods Drawn MANUFACTURED IRON. Scotland 
Wire +] Mectiand Cleveland 
*Extruded Brass Bars Crown Bars, Best Cast Iron— 


COPPER. N.E. Coast— Midlands 
Standard Cash Rivets 
Electrolytic 
Best Selected 
Tough 
Sheets 
Wire Bars 
Ingot Bars 
Solid Drawn Tubes 


Brazed Tubes . 
- Unmarked Bars...... frcm 


FERRO ALLOYS. Nut and Bolt 
tTungsten Metal Powder .. lb. = 7 ; Bars se eetes 0 
tFerro Tungsten _ Gas Strip 10 12 English 
Ferro Chrome, 60-70% Chr. 8S. Yorks : India 
Basis 60% Chr. 2-ton Best Bars 10 15 
lots or up. Hoops 12 0 


2-4°% Carbon, scale 11 

| per lice PHOSPHOR BRONZE. 
2 }4-6% Carbon, scale 7 “Bars, “ Tank ” brand, lin. dia. 
7, per unit and upwards—Solid Scotland 

6-8% Carbon, scale 7 *Cored Bars North-East Coast 
©; per unit tStrip mt Midlands PemdNeeeesenocsoee 
. (8 10% Carbon, scale 7 tSheet to 10 W.G. Boiler Plates (Land), Scotland .. 

per unit tWire * » (Marine) _,, os 
§Ferro Chrome, Specially 1 tRods o» » (Land), N.E. Coast 
+Tubes » (Marine) 


fined, broken in small ‘ube “ 
{Castings Angles, Scotland 
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ALUMINIUM. 
98/99% Purity 
ANTIMONY. 
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Cleveland 
Steel Turnings— 
Cleveland 
0 re 
Cast Iron Borings— 
Cleveland 
Scotland 


Common Bars 
Lancashire— 
Crown Bars 


_— 
oo 


_ 
— 
a 


Midlands 
Crown Bars 
Marked Bars 


o 


SPELTER. 
G.O.B. Official 


Ship, Bridge, and Tank Plates 


oo osooSo 


pieces for Crucible Steel- 
work. Quantities of 1 ton 
or over. Basis 60% Ch. 
Guar. max. 2% Carbon, 
scale 11/0 per unit 
Guar. max. 1% Carbon, 
scale 12/6 per unit 


+10% Phos. Cop. £30 above B.S. 
115% Phos, Cop. £35 above B.S. 


tPhos. Tin (5%) £30 above English Ingots. 


PIG IRON. 
Scotland— 
Hematite M/Nos, .......... 


” 


Heavy Rails 

PROD ocneteennseesenesea 12 
Light Rails ...£8 10 Oto 8 
Sheffield— 


ec ° "0 . “ 
§Guar. max. 0°7% Carbon, - on 
scale 15/— per unit .. = 2 Foundry No. 1 
-" No. 3 


tManganese Metal 97-98% : N.E. Coast— 


Siemens Acid Billets 
Hard Basic ....£6 17 
Mn. . : - . Medium Basic..£6 12 6 and 0 
tMetallic Chromium . 2 ee seat gh Soft Basic 5 10 
§ Ferro-Vanadium 25-50%. . ounary No. - : Hoops 15 
§ Spiegel, 18-20% No. : ‘ a Manchester 
Ferro Silicon ree wate : <i bewnwus £9 0 Oto 10 0 
Basis 10%, scale Silicon Iron Scotland, Sheets 24 B.G 10 
per unit ton ae 
20/30% basis 25° : idlands > . 
=e oe - N. Staffs Forge No. 4 


3/6 per unit ‘ we 
45 50% basis 45%, Foundry me © wis 


5/— per unit 
70/80% basis 75%, 

7/- per unit 
90/95% basis 90%, 

10/— per unit 
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HIGH SPEED TOOL STEEL. 
Finished Bars 14% Tungsten .. lb. 2/- 
Finished Bars 18% Tungsten .. ,, 2/ 

Extras 
Round and Squares, f}in. to }in. ,, 3d. 
Under jin. to fin. .......... » I/- 
Round and Squares 3in. ...... » 4. 
Flats under lin. X jin. 3d. 
sin. X fin. 
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Northants— 
Foundry No. 1 
Forge No. 4 
Foundry No. 3 
Derbyshire Forge 
$ Sili se 65/75 Foundry No. 1. 
$Gllico ‘Manganese 66/764 Se 
§ Ferro - Carbon ' Titanium, bs est Coast Hematite 
15/ 18% Ti ast ” ” 
Ferro Phosphorus, qret. SWEDISH CHARCOAL IRON 
§ Ferro-Molybdenum, Molyte 
§Calcium Molybdate ; AND STEEL. 
Kr. per English ton @ 19°40 to £1 
FUELS. approximately. 


Foundry Coke— Pig Iron Kr. 101 
S. Wales Billets Kr. 240-290 £13 10 0-£16 0 


Scotland Wire Rods Kr. 280-320 £15 15 0-£17 12 
Durham Rolled Bars (dead soft) 

Furnace Coke— Kr. 200-220 £10 12 6-£11 11 English Sheets 
Scotland Rolled Charcoal Iron Bars Rods 
8S. Wales Kr. 290 16 0 Battery Plates 
Durham All per English ton. f.o.b. Gothenburg. Boiler Plates... 
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Standard Cash 


Australian 
Eastern 
Tin Plates I.C. 20 x 14 


* McKechnie Brothers, Ltd., quoted Sept. 11. 
Subject to Market fluctuations. Buyers are advised to send inquiries for current prices. 


+ C. Clifford & Son, Ltd., quoted Sept. 11. t Murex Limited, quoted Sept. 11. 


§ Prices quoted Sept. 11, ex warehouse, 











